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	 The JPL Low-Cost Silicon Solar Array Project is sponsored by
the U.S. Department of Energy and forms part of the Solar
Photovoltaic Conversion Program to initiate a major effort
' -k,a d the development of low-cost solar arrays. This work
performed for the Jet Propulsion Laboratory, California
,;titute of Technology by agreement between NASA and DOE. a
"This report was prepared as an account of work
sponsored by the United States Government. Neither
the United States nor the United States Department
of Energy, nor any of their employees, nor any of
their contractors, subcontractors, or their employees,
makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accu-
racy, completeness or usefulness of any information,
apparatus, product or process disclosed, or represents
that its use w3uld not infringe privately owned rights.
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ABSTRACT
Solar cells have been fabricated from unconventional silicon
materials in the second and final phase of the contract.
I n t tie most recent period of — ..-,K,,  EEG, Web, Hem, and Con-
tinuous CZ silicon materials were fabricated into solar cells,
measured and analyzed.
Current-voltage measurements under AM1 conditions, in additio:i
to those under AMO conditions, were introduced in Phase II.
Several low-cost fabrication steps were included in that phase.
Both Hem and Continuous CZ silicon were found to be superior
to what had been provided in Phase I. Cormiation between
quality of starting materials and cell conversion efficiency
was observed for Hem-grown silicon. Correlation between
position in the crystal growth sequence and cell duality was
observed for Continuous CZ.
i
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1 . 0 INTKODucrIOIJ
The goal of this contract has been to conduct a bilicon solar
cell process development, fabrication and a;ialysis program. The
effort being directed toward the evaluation of the solar cell
potential of unconventional silicon sheets of interest to the
Large Area Silicon Sheet Task of the Low-Cost Solar Array
Project. What has been required has been the fabrication of a
statistically significant number of solar cells using standard
and reproducible processes and reliable testing of them using
standardized measurement equipment and techniques. In addition,
to investigate, develop and utilize technologies appropriate and
necessary for improving the efficiency of solar cells made from
these silicon sheets usin g a standard process as the baseline
starting point. The goal for solar efficiency is 12^ Air Mass
Zero (AMO), measured at 28 0C minimum.
In this report we shall provide a review of the control program,
baseline processin g , various optimization proccsses, the measure-
ment systems/procedures and a brief description of the uncon-
ventional silicon materials in the program. he shall then report
on results obtained since the last published report. This will
then be followed by a brief review of results in Phase I and
Phase II of the contract.
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2.0 TECHNICAL DISCUSSION
A number of diverse silicon materials have been made into solar
cells by both conventional and optimized processing methods during
the period of this contract. In order to provide a reasonable
amount of reproducibility within each material group of cells, a
specific control program was mandated. It was believed that this
control program would minimize the occurrence of wafer contamina-
tion from extrinsic sources. Because elevated temperatures are
used and since contamination is sustained via a thermal pathway,
emphasis was g iven to reduction of contamination before and
during the impurity diffusion process.
2.1	 CONTROL PROGRAM:
Quartz diffusion tubes dedicated to the program were used through-
out the study. I.fter cleaning a diffusion tube the tubes were
then used in processing control wafers into solar cells. The
finished solar cells were measured for I-V on a solar simu-
lator and if the results were satisfactory the tube was then
considered contamination-free and used for thermal diffusion of
one of the unconventional materials into solar cells. 	 In the
event the control cells were found not to be satisfactory, the
diffusion tube was again cleaned and the Frocess repeated until
suitable control cells were obtained. At no time were different
sheet materials run together in the same diffusion tube, and
only after the above control procedure had been satisfac*-orily
completed would a tube be used for a different sheet material.
During processina of the sheet materials control cells were
included. P::ti..n the diffusion tube eight control wafers were
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positioned on the quartz diffusion tube such that every uncon-
ventional silicon wafer had a control wafer neighbor. Control
wafers were also positioned at the front and back of the wafer
assembly on the diffusion boat.
These same control wafers accompanied the lot throughout fabri-
cation and measurement. F,.ch a procedure also allowed a means
of comparison and some indication of processing fidelity.
2.2	 PROCESSING FORMAT
The unconventional silicon material was supplied by the Jet
Propulsion Laboratory. CZ, p-type,ti2 cm silicon control wafers
were produced in Spectrolab's crystal growing rand cutting
facilities. After cutting of the material into slices both the
front and back of the slices were etched sufficiently to remove
saw damace. This was not required for the material that had
been grown in sheet form. In the latter case various cleaning
methods, including acid etch, were used to remove surface stains
that mi qht have been present. The slices, or ribbons, were then
diced to their planar wafer dimensions on a Tempre::s saw.
After cleaning to remove both organic and metallic surface
impurities, the wafers were loaded onto a clean quartz boat and
placed within a three-inch diameter quartz diffusion tube main-
tained at the diffusion temperature (850 0C) by a Ther-co furnace.
The diffusion schedule was arran ged such that the wafers were
leaded and in the furnace within an hour of the wafer cleaning.
A three step diffusion procedure was used: warmup (nitrogen flow),
pre-dep (phosphine, nitrogen, oxygen flow), and drive (oxygen and
n it,.-oger. flow). These conditions were expected to result in a
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phosphorous surface concentration in excess of 10 20 em-3 and pn
junction depth of ,-.35vm. Following the diffusion drive the
boat was removed from the furn pce and 711owed to cool in air.
After diffusion and cool the wafers were immersed in an HF
solution to remove the thermal oxide. Sheet rho was then mc_+sured
on a four point probe to obtain an estimate of junction depth.
The fronts of the wafers were then masked and the wafers passed
through an acid shower. This was used it order to remove the
n-diffused region on the back surface of the wafers. After
removal of the etch mask the wafers were cleaned in various
solutions, loaded in an evaporation mask and holder and placed
in the chamber of a high vacuum system. Using an electron-beam
heating source, thin layers of titanium, palladium and silver
were deposited on the wafers in a contact pattern defined by the
masks. After rem`.val from the evaporation system and masks, the
wafers were sintered N a hydrogen atmosphere to minimize contact
resistance. The cells were then placed in an electron-beam
evaporator where an AR film of Ta 2 O 5 was deposited.
In the next and final procedure the wafers were masked with an
orcianic film over top and bottom surfaces. In this state the
cells were immersed in a solution to remove any metal or other
undesirable contaminant that could cause low shunt resistance
at the cell ed?es. The cells were cleane:i and made ready for
meat ;:rement .
2. 3	 MEASUREME`:T SYSTEMS
2.3.1	 Illuminated Current-Vol tage
This system is shown schematically in Figure 1. The Spectrosun
Sclar Simulator is adjusted to produce an A 110 spectrur and inten-
sity. Temperature and intensity calibration for each group of
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I-V measurements is made by adjusting water bath temperature
and simulator intensity while monitoring these parameters with
the $1037 ballc:n-flown solar cell standard.
The cel. test fixture is water cooled, uses a vacuum hold-down
and has spring-loaded voltage probes and spring-loaded current
probes for cell top contact. The fixture itself makes electri-
cal contact with the bottom of the cell. A Spectxrlab Model
D-550 electronic load is used in series with the cell under
test. Both short circuit current and open circuit voltage are
measured by means of a 4^ digit Dana Digital Voltmeter. The
I-V curve is generated by the electronic load and recorded on
a Hewlett-Packard X-Y Recorder.
A."!1 measurements are obtained by introduction of a constant
temperature Pyrex-water filter into the light peth between the
Xenon source and the water-cooled test fixture. After inser-
tion of the filter into the system the light source is adjusted
usin g a standard solar cell, 01039, that has been calibrated
to Air !lass One. The filter is tilted slightly from the hori-
zontal to prevent reflection of the radiation back into the
source.
2.3.2
	
Spectral Responst-
This system consists essentially of a water-cooled test fixture
enclosed within a light bo:-:. A broad spectrum, high intensity
light source impinges upon a filter contained within a filter
wheel. marrow-ban3 radiation is transmitted throuah the filter
and onto the tor surface of the cell under test. The short cir-
cuit current is measured by amplifying the volta ge across a low
value precision resistor and reading the amplified voltage on a
Dana 5•digit Digital Voltmeter.
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The filter wheel consists of thirteen narrow band-pass filters
incremented across the spectrum from .4 to 1.05 vm.
Irradiance at the cell surface for each of the thirteen filter
positions is measured using a calibrated solar cell. Based upon
the irradiance and output of cell under test the relative
response can be determined for the cell under test at each of
the thirteen wavelengths.
2.3.3	 Dark Current-Voltage
Dark current, forward and reverse, is measured on a system con-
sisting of a high resolution constant current supply, a licht
shielded brass test fixture, and two 5-digit Dana Digital Volt-
meters. Measurements are made point-by-point usin g voltage as
the independent variable.
2.7	 Resistivity
Water resistivities are measured by means of a four point, in-
line probe and micrometer thickness gauge. The in-line probe
is also used to measure sheet resistance after diffusion.
2.4	 UNCONVENTIO'NAL SILICON MATERIALS
2.4.1
	
Wacker Silsc
Wacker Silso polycrystalline silicon is a product of the Wacker
Siltronic Corporation. It is produced by casting mclten silicon
into rectangular blocks. Casting is controlled so as to promote
columnar grain growth such that grains grow perpendicular to the
--e of the finished cut sheet. The castin g is sawed into sheets
quare fora. This material was used for solar cell fabrication
hase I of the contract.
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Ribbon-to-Ribbon (RTR) Silicon
This material is a product of Motorola and is produced by a
process that deposits silicon upon strips of substrate material
by CVD. The resultant silicon strips are then laser or elec-
tron beam scani)ad to promote grain growth from the extremely
small grains obtained during CVD deposition.. A phosphorous
getterinq step completes the process. The strips used in this
contract were about an inch in width and 12 inches in length.
This material was used in Phase I of the contract.
2.4.3	 Edoe-Defined Film Fed Growth (F^G) Silicon
This polycrystalline silicon is produced by Mobil-Tyco. Silicon
strips are pulled through dies (SiC) from the melt with w4.dths
in excess of two inches and lengths greater than four inches.
The finished sheet has a smooth, somewhat rippled surface.
Both rf heated and resistance heated systems have been used in
the production of the sheet material, only resistance heated
material was used in Phase II of the contract.
'.4.4
	 Dendritic Silicon Sheet (web)
Web silicon is produced for the program by Westinghouse Research
and Development Center. This sheet material is manufactured by
supportin g a silicon meniscus between two dendrite rails which
are slowly lifted out of the melt. The silicon solidifies as
it is lifted and this forms a continuous sheet of material. The
surface o: the drawn filament, or ribbo,., is in the 111 plane.
Thickness of `he filament is well controlled and width is deter-
mined by the spacing of the dendrite rails. Web material used
in the procrar was generally in widths of about one inch while
thicknesses ranced from 4 mils up to 12 mils.
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	2.4.5
	
Heat Exchange Method (Hem) Silicon
This materiel is produced by Crystal Systems, Inc. In this
method a seed crystal is placed at the bottom of an insulated
chamber. An inert gas is used as a heat exchanger for the seed
and precludes its loss when molten silicon is injected into the
chamber.
The freeze boundary of the cooling silicon proceeds out from
the seed, generally with growth of a single crystal. Direc-
tional solidification, proceeding at a very low rate (depending
upon how well heat exchange is controlled), will cause those
materials having low segregation coefficients to segregate ani
thus be moved along with the freeze boundary toward the outer
surfaces of the boule. The boule is generally formed in a rec-
tangular shape. Rectangular slices are then cut from the boule.
	
2.4.6	 Continuous CZ Ingots
This material is produced by the Kayex Corporation. In the con-
ventional CZ method a single crystal is pulled from the melt con-
tained in a quartz crucible. The pull of one crystal completes
the operation and the crucible is treated as an expendable at a
rate of one crucible per pulled crystal. In the continuous CZ
method several crystals are pulled in sequence from a single
crucible. The melt in the crucible is replenished after each
pull. In Phase I of this contract, material from a five crystal
pull run was processed into cells while in Phase II material
from a nine crystal pull was processed into solar cells.
	
2.4.7	 Silicon on Ceramic (30C)
This method of producing unconventional silicon has been
developed at the Honeywell Corporate Research Center. Slotted
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ceramic substrates coated on one side are either dipped into or
skimmed over molter silicon, leaving a coating of polycrystalline
silicon on the ceramic. Although this material was received
ender Phase I and Phase II, cell fab--ication and measurement
were not completed within the time and funding limits for the
contract.
2.5	 PROCESS OPTIDSIZATION
Process optimization in this program is proposed in the sense
of both general and specific methods that might be expected to
enhance device performance over and above what was achieved by
the baseline process. Optimization procedures were limited,
however, by the large number of materials studied and the size
of the program. With this in mind a number of optimization
steps were used :(,r each of the silicon materials in the program.
2.5.1	 Texturization
This process modification has two functions. The primary one
is the reduction of surface reflections while the second is to
increase absorption in the immediate region of the junction.
Surface texturization is the result of directionally selective
etching of a wafer surface that leaves a matrix of pyramids at
the surface. (In Figure 2 we show a photograph of a typical
texturized surface.) This matrix promotes transmission of
reflected primary rays. Solar cell surfaces that have been
both texturized and coated with an antireflecting film appear
mattelike to the observer. Since the index of refraction of
silicon is high, and since the pyramids present a surface of
about 45 0 to the normal incidence, normal rays are refracted
away from the normal to the wafer plane. The result of this
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refracted path for the transmitted radiation is a longer path
of light with wafer depth and hence enhanced absorption near
the junction.
Texturization is most effective for (100) silicon and ineffec-
tive for (111) silicon. Since dendritic web silicon is grown
with a (111) surface this optimization procedure was not used
on that material. For the polycrystalline material the effec-
tiveness of texturization varied according to the orientation
of individual grains.
2.5.2	 Back Surface Field
In this procedure a P + region is processed onto the back side
of she wafer. This P + region serves a number of purposes. It
creates an electrostatic reflector in the lower base region
and reduces contact resistance. The electrostatic reflecting
properties should increase short circuit current and reduce
dark currents that arise by recombination at the back surface.
This should, in turn, increase open circuit voltages. In addi-
tion to the obvious requirement that the electric field generated
by the P P + configuration be of a sufficient magnitude the dis-
tance from the junction to the P P + boundary region, vis a vis
the minority carrier diffusion length, must be within certain
limits. For a given . J to P P+ distance, a threshold minority
carrier diffusion length exists to observe the effect. There-
fore, materials with short minority carrier diffusion lengths
cannot be expected to be enhanced by a back surface field. One
could, of course, speak of a threshold 
,J to P P+ distance for
a given LD.
-.5.3	 Junction Depth
Historically, junctions of space solar cells have followed a
course of decreasing depths. An observer could speculate that
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this has been the result of a somewhat gradual realization
that photons absorbed above the junction are wasted. Shallower
junctions have required heavier dopin5 in the top layer
and improved contact systems because of the increased sheet
resistance that accompanies the shallow junction. Improved
diffusion methods have also accompanied the shallower junctions
providing a somewhat higher minority carrier lifetime in the top
layer. Recently, efforts at reducing surface recombination
velocities on silicon solar cells have shown some degree of
success.
Shallow junctions are of greater efficacy at AMO because of the
relative portion of that spectrum in the blue and violet. Though
it is less of a factor for cells to be employed at terrestrial
sites, it is still possible to enhance collection efficiency of
terrestrial cells by means of shallow junctions. Shallow
junctions, however, increase the risk of junction leakage and
result in lower production yields. With these caveats in mind
shallow junctions were utilized in several optimized processing
runs.
2.5.4	 Getterinc
It is well known that certain types of "aetterina" can enhance
performance of silicon devices. Gettering is believed to result
because of an out-diffusion and trapping of various secondary
impurities at gettering sites. The type of secondary impurities
that combine with lattice structure defects to produce recombina-
tion centers are in most cases fast diffusers and are trapped at
re q ions of structural damaqe and strain. Various experimental
work has shown that phosphorous precipitates generate high strain,
dislocation tangles, etc. This highly damaged re gion in the top
layer of the silicon device leads to very short minority carrier
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lifetimes in volume immediate to the surface. At the same time,
however, it tends to clean up the rest of the device, especially
the junction region.
Evidence for the effect of secondary impurities on device per-
formance has been shown by, amonUst others, experiments of
Goetzberger and Shockley (2) Specific evidence for mechanisms
in the junction region have been described in the SEM-F.BIC
experiments of Varker and Ravi(3). Murarka^ 4)
 has identified
the phosphorous gettering action on trace impurities of gold
using neutron activation analysis. The latter work shows con-
elusive evidence that the getter-cl specie (gold) is trapped
within the surface region of the precipitates and riot within
the phosphorous glass.
2.6	 PHASE II
A number of chan ges were made in the program going from Phase I
to Phase II. The first of these changes was I-V measurement at
AMI as well as at A-MO, for about 20E of the cells. This was
done to provide measurements more meaningful for terrestrial
application, and tc provide empirical relationships between AMO
and AM1 efficiencies for the cells fabricated in the program.
A second change was the use of processes that could be considered
low cost, as opposed to the methods of Phase I that were based
upon aerospace manufacturing processes. A third change was a
somewhat more general use of the cell areas g reater than 2 cm x
2 cr^. Finally, a record was made of the steps in the processing
where cell breakage occurred. This was sucigested as a means of
determinin g any critical breakage points in the processin g
 for
a specific material.
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2.7	 RESULTS
2.7.1	 Westinghouse Web
In this section we report results for three lots of solar cells
fabricated on dendritic web-grown silicon utilizing processes
intended to enhance conversion efficiency. In the first of these
lots, t.eb0-l,cells were 2 cm x 4 cm and had back surface field
processing. Results obtained from illuminated I-V at AM0 and
AM1 are presented in Table 1.
In a second lot, Web0-2, also with BSF, cells were made in a
2 crr x 2 cm configuration. Results obtained for illuminated I-V
measured at AA10 and AH1 are shown in Table 3. It is apparent
that the latter BSF were more effective in improving cell effi-
ciency than in the case of lot web0-1. This can be attributed
to inst:fficient heatin g of the substrate during the high
temperature anneal followin g deposition of aluminum paste for
the BSF. The warmup of the wafers is dependent upon furnace
temperature, boat confi g uration and wafer size. To produce the
back surface field the wafer temperature must surpass the Al-Si
eutectic temperature over the whole of the wafer area. In
Fi gure 3 we show those cells with BSF having the hi ghest effi-
ciency of the cells in each dendritic web strip. Other note-
worthy differences between the two lots can be seen in the open
circuit voltages. :n heb0-1 we find Voc of the order of 530 m%'
and 545 r-V for 9 ..-cm and 3 P-cm cells as compared with 555 to
585 for the 13 -.--cm web materials in lot heb0-2. Another,
factor of importance in comparing these two lots is the dif-
ference in wafer thicknesses. The lesser thickness in Heb0 -2
cells would be expected to enhance the effect of the back
surface field. Diffusion len g th would of course be expected
to play a noticeable role in the effects promoted by wafer
thickness.
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A third and final web optimization lot, WebO-3, was made using
a shallow junction. Measurements for the completed cells are
given in Table 5. Cell size used in this lot was 2 cm x 4 cm.
Spectral response data has been plotted for a number of cells
in Figures 4 and 5. Blue response is equivalent for the Web
and CZ cells, but a rather extensive divergence for red response
is seen between the two materials. This suggests considerable
differences in minority carrier diffusion lengths betw;!en the
two materials.
We examine this difference by calculation of the effective dif-
fusion leng ths from spectral response measurements(5).
S /N `'D
X-1 223	 L.m . 999 7
X-5 209 .9995
191-1 79 .9993
187-1 71 .9995
171-1 75 .9995
171-3 74 .9994
2.7.2	 Mobil -TYCO EFG
Lot EFGO -2 was intended as an optimization of cell characteris-
tics by means of a back surface field. Application of the back
surface field structure to the cells was by screen printing of
aluminum paste followed by a high temperature anneal for a brief
period (spike anneal). Processing of the cells in this lot met
with a continuous series of misfortune. Breakage for the cells
in the lot was widespread. Six of ten control cells and three
of about thirty-five EFG cells were unbroken. As can he seen
in the tables for this lot (Tables 7 and 8) breakage occurred
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at most steps of the cell processing. Although breakage has not
been found unusual for the EFG material, results in this lot
indicate a high degree of fragility. Breakage losses were also
unusually hiqh for the control cells, however. In comparing
losses in tlis present lot with those of previous lots, one must
conclude that faulty processing must account for a large share
of the breakage. Cell data for the lot is given in the tables.
Illuminated I-V characteristics are lower than expected for both
the EFG cells and control cells.
2.7.3	 Crystal Systems Hem
Silicon wafers by the heat exchange method have been fabricated
into solar cells by methods intended to improve the solar conver-
sion efficiency over the cells fabricated by the baseline method.
Some of these methods are considered to be low cost. A base etch
was used in ploce of the usual conventional acid etch for removal
of saw da.r,a ge and control of wafer thickness. A back surface
field has been applied to the cells for increased V oc and Isc'
Lot He:^0-2 was fabricated tc determine the effectiveness of the
track surfe.ce field on this material from a specific Hem crystal
(342C) and also to see what, if any, enhancement could be expected
b;• usinc. a thinner wafer thickness. The lot consisted of 9 mil
cells rade using back surface field cells, 9 mil cel:s made by the
baseline method, and 5 mil cells made usina back surface fields.
Results for the lot are given in Tables 9 and 10.
Comparison of I sc between baseline and back surf
cessino indicates a definite enhancement for the
In the case of the control cells Voc enhancement
although this is not the case for the Her-, cells.
ace field pro-
latter cells.
is also observed
Lack of %,oc
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enhancement for the Hem cells is not too surprising, however,
since resistivity was determined to be less than 1 0-cm.
In Figure 6 we display data for average values of the spectral
response from 6 ism to 1.05 tm for the 5 mil-BSF, 9 mil-BSF and
9 mil-baseline. One observes the current enhancement of the
cells having back surface fields. In Figure 7, percent enhance-
ment of 9 mil BSF cells over 9 mil baseline cells is shown
(average values). As one would expect, enhancement is greatly
increased for current g^nerated by photons absorbed deeper in
the base region of the cell (and hence the path described by
distance from absorption site to BSF + distance from BSF to
iunction is less for longer a photons, on averaqe).
L measured from spectral response on the following baseline
ells in Her-,0-2 is given below (5) .
S ' /% L
C-7 200 .9987
111 100 .9996
15 80 .9992
12 70 .9995
Diffusion lenoth calculations sugoest variation in Hem material
within crystal sections. (Exact location of section in cr},stal
342C was not noted by processing personnel.)
Two lots of cells were fabricated from the Hem silicon to deter-
mine the effect of impurit y gettering on this material and what
this might do insofar as efficiency optimization is concerned.
in the first of these lots, HemO-3, the wafers were phosphorous
diffused in the usual manner. The wafers were then etched
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sufficiently to remove the diffused n layer. The pre-diffusion
clean was repeated and the wafers were again diffused. Process-
ing was continued by the baseline method and the f.i =hed cells
were measured.
In the second lot, Hem0-4, the processing used in Hem0-3 was
duplicates: with the exception that the diffusion drive time in
the first diffusion was extended by a factor of three.
Results for both of these lots are given in Tables 11, 12, 13 s 14.
In Figures 8, 9 and 10 we show a histogram of the crystals for
the various I-V parameters in the three lots. One may draw
several conclusions from these figures. The first of these is
that cells made from silicon material in crystal 349 had degraded
properties in the runs with the extra Bettering step. The results
for cells from material in crystal 342 indicate little or no
chance. Results for cells from material in crystal 314 indicate
a definite improvement, especiall; evident in the Hem0-4 results.
A disturbing feature of these results is the high V oc for this
material (1.4 -c- . One would expect a maximum of 590 for such
resistivity.
As a specific group, cells made from crystal 349 without
an added diffusion step (cetterina) had the best conversion
efficiencies.
Crystals 349 and 342, with resistivities in the range of .4 to
.8 -cm, were grown from high purity melt stock. Crystal 314,
with resistivity of 1.4 s­cm, was grown from float zone remelt
stock. One can account for the higher open circuit voltages of
the former by the lower resistivities. The reduced short circuit
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currents and efficiencies obtained for solar cells fabricate] on
crystal 314 material could result from the increased secondary
impurities one would expect to be contained in float zone remelt
stock.
2.7.4	 Kayex - Continuous CZ
Material for solar cell fabrication in Phase II of the contract
came from run 62 of the Kayex effort. Nine crystals were pulled
from a single crucible in run 62. The crystals were of the
order of five to six inches in diameter and were sliced to give
representative portions of the top, middle, and bottom sections
of each crystal.
Two baselines runs were made on this material. Since this was CZ
material the primary interest here was to determine how the cells
from this material compared with conventional CZ grown material,
how cells fabricated from top, mi ddle and bottom sections of a
crystal compare3 and finally how cells from one crystal compared
with cells from other crystals in the pull sequence.
Illuminated I-V results for the first baseline run, NamcB-1, are
given in Table 15. A and B prefixes denote cells from slice
A and slice B. Both slices are from the top section of crystal
«1 in Kayex run 62. Dark current data are given in Table 16
and c nectral response data are given in Table 17. Comparinq
the Kayex CZ with the control CZ calls one observes a higher
solar conversion efficiency for the latter. In Figure 11 a com-
parison of spectral response is made between the cells with high-
est efficiency in slice A, slice B and the CZ control cells.
This group of curves implies a slightly greater minority carrier
diffusion len qth for the control CZ silicon.
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In the second baseline run, FiamcD-2, cells were fabricated from
slices cut from five different crystals in Kayex run Number 62.
Data for illuminated I -V, spectral response and dark current are
presented in Tables 18, 19, and 20, respectively. A modifica-
tion in this run was the use of NaOti (30%) etchant in place of
the usual acid etch to remove saw damage and thin the wafers to
9 mils, but without surface texturizing.
In Figure 12 the distribution for conv(rsion efficiency is p lot-
ted for the Kayex CZ cells and for the control cells. The
distribution for both groups is similar. The Kayex cells are
identified as to the location they occupied in the crystals;
top, middle, or bottom. Distributions for efficiency are plotted
for the cells and separated by crystal source. Control cell
efficiencies are clustered about 11.51 whereas the Kayex CZ cells
are clustered about 11%. Cells from bottom sections of crystals
7 and 9 repres-nt the lowest efficiencies for the Kayex group.
Three of the foul low efficiency cells are polycrystalline while
the cell with the lowest efficiency had arrays of deep etch pits
across its surface.
In Figure 13 spectral response data for a number of the cells
has been plotted. Cells fabricated from top sections of the
crystals croup about the control cell C-1. The bottom of crystal
number 1, middle of crystal nine, bottom of crystal number 7 and
bottom of crystal number 9 have reduces spectral response, with
the bottom of number 9 occupyin g the ,position of lowest response.
Such ar. order is not unexpected since the secondary impurities
would be segregated out of the growin g crystal and into the
liquid silicon remaining in the crucible. The density of impuri-
ties remaining in the crucible would increase with growth causing
the concentration of impurities to be higher at the bottom end
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of the crystal. with the addition of more silicon before the
next crystal pull, the impurities would be diluted hence the top
of the next crystal should be "cleaner" than the bottom of the
previous crystal. Going from the first crystal to the ninth
crystal one would expect a gradual increase in impurities in
the melt. An increase in the concentration of secondary impuri-
ties in the crystal would reduce the minority carrier diffusion
length and this would be apparent in a reduced long wavelength
spectral response. In Figure 14 the percent reduction in spec-
tral response for the various crystal sections is shown, at .k
.m ano at .9 r.', where the average response for cells from top
sections of the crystals serves as the benchmark value.
Although there is evidence of reduced diffusion len gth as growth
proceeds from beginning to end, the effect on conversion effi-
ciency is apparent, yet not large.
In the nest fabrication lot the cells were made incorporating a
back surface field. Illuminated I-V data for this run, Harnc0-1,
are given in Table 21. Spectral response and dark current data
are given in Tables 22 and 23, respectively. In Figure 15 open
circuit volta g e and short circuit current are plotted for the
cells in this run. Baseline values, derived from runs HamcB-1
and Ha-cB-2,are given for comparison. There is a general enhance-
ment in both open circuit voltage and short circuit current for
both the tc,,F and middle s ction cells with the greater enhance-
ment for the former. For the bnt lzom cells there is some short
circuit current enhancement but none for open circuit voltage.
Cells below the baseline had shunting and/or series resistance
indications in their illuminated I-V curves.
In Figure 16 ccnversion efficiency at AMO is plotted for run
HamcO-1. The enhancement by the BSF is in evidence here with
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greatest percentage enhancement for cells from top sections and
least enhancement for cells from bottom sections. in the final
figure for this section, Figure 17, spectral response is pre-
sented for several cells having the best efficiency in their
respective group. From this plat one observes the degree of
enhancement provided by the back surface field for a given cell
thickness and minority carrier diffusion lenoth. TLe greater
enhancement can be easily seen for 'he longer diffusicn length
material.
2.8	 AIR MASS ONE I-V CHARACTERISTICS
As stated .n Section 2.6, I-V measurer-entS at AMi were instituted
in Phase II of the contract for 20 of the cells. This was done
to obtain more relevance for terrestrial application and to deter-
mine an empirical relation between AMO and AM1 characteristics
for cells of this type. AMi measurements were made on the
Spectrolab solar simulator (X-25) with a Pyrex water filter in
the optical path and calibrated against a standard cell, 61039,
traceable to NASA standards. Results are presented below for
nA.M0/r'A.'k'.1' On several occasions the efficiency ratio was found
to diverge sharply from 1 1.17. Generally, this could be traced
to measurement or calculation error.
Results for efficiency ratio measurements are given below.
N R
iiem 29 1.17 
Web 36 1.18
Kayex 24 1.18
Control CZ 41 1.17
Composite 130 1.17
where
	
N = number of cells
R = average value of R
R	 r M1 /
 r'AMO
-^1-
2.9
	
CONCLUSIONS
Cells fabricated from web silicon were somewhat broad in their
distribution of efficiencies. This would be expected sine. '-he
web material was itself rather varied in both resistivity and
minority carrier lifetime. The back surface field was found to
be effective in enhancing the open circuit voltage, as in lot
HebO-2 where 12 S-cm web material had open circuit voltages of
580 mv. Spectral response measurements have shown the wide
differences in diffusion length between the CZ control material
and some of the web material used in these few lots as they have
also shown differences in the diffusion length from one web
strip to the other.
For the Hem material we have found a variation in cells fabri-
cated from different crystals. The crystals we have used
represent but a small fraction of the boule so what we have
found must be qualified by that condition. As would be expected
the "cleaner" the starting material the higher the cell effi-
ciencv. Some of the Hem material was apparently equivalent to
the C7 material used for control cells. The low resistivity
material, in some instances, when fabricated into cells had open
circuit voltages greater than 600 my ar.d with BSF some enhance-
ment in current was observed. Gettering d i d not appear to offer
enhancement of the cell efficiencies.
The continuous CZ material was found to produce reasonably good
cells with some fall-off in efficiency from the top to the
bottom of the crystals. The fall-off in diffusion length from
the first to the last crystal was obvious from the spectral
response curves, however its effect upon conversion efficiencies
was not so apparent. Only when back surface fields were applied
was the reduced diffusion leng th significant as a factor that
attenuated the effect of the back surface field.
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3.0 REVIEW 0.' PHASE II
Phase II has followed a path very similar to Phase I. In essence
much of the work was a repeat with some variations. Most of the
size etching was done using NaOH etchant in place of the usual
acid etchant. This was a part of the low cost thrust. It had
limited significance on the outcome of the various lots.
Screen printed contacts were tried on cells fabricated from EFG
material but the effect was to degrade the cell performance.
It became obvious that screen printed contacts could be a
program in its own right since several of the materials could
not be printed without some very specific fixture.' and problems.
The most significant outcome in this phase would have to be
associated with the Hem material and the continuous CZ silicon.
In the case of the former, some Hem crystals were found to provi(le
cells with performance on a par with CZ control cells and showed
a dependence upon the quality of silicon material being processed
by the heat exchanae method. It did not, and could not, show
uniformity or the lack of uniformity in the Hem boule because
onl y small sections of each crystal were provided.
In the case o! the continuous C2 material, considerable improve-
ment was evident in the Phase II material over the Phase I
material.	 In Phase I, with fewer and smaller crystals pulled,
only top sections were sing le crystallite and only those produced
q uality cells. The Phase II product, however, consisted of more
and lar ger crystals in a single run, and most parts of the
crystals had the potential for quality solar cells. Only in
bottom sections was optimization limited.
-23-
The EFG material was not better than the resistance heated
source material in Phase I. It would have been more productive
to have had some of the material developed with controlled COX
atmospheres and reported on by Mobil-Tyco.
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4 . 0 SU!V 1 ARY AND CONCLUSIONS
In this section we provide a table containing maximum conversion
efficiencies for each material throughout Phase I and Phase II
of the program. Data are displayed graphically in Fi g ure 18.
We note from this table that of the expressed Phase I contract
goal of 12E AMO at 28 0C, three of the materials reached or sur-
passed the goal, namely: dendritic web, Hem, and continuous CZ.
LIST OF CELLS HAVING HIGHEST EFFICIENCY FOR THEIR MATERIA', GROUP
EFGB-1
W-4
Web-5
	
Lot	 S/N
	RTR-2
	 5
C-7
	EFG-3	 46
C-5
D
6
4
2
6
H
349
S2 E1
C-3
972
He- 12.3 34.6	 605	 .790	 Her:B- 1
Control* 12.1 35.8	 589	 .778
Cont. CZ 12.6 36.8	 602	 .770	 Hamc0-1
Control* All Shunted
Material
R: R
Control*
EFG-Pr
Cont T"C1
EFG-RH
Control*
Wacker
Silso
Control*
Web
Control*
(A^10)
(28oC)
7.2
11.6
9.8
6.9
8.4
11.9
10.6
12.5
12.0
13.0
J
sc
mA cm-2
23.6
36.3
31.3
35.5
29.0
35.6
33.5
35.5
37.3
37.0
Comment
Baseline
Baseline
Baseline
Baseline
BSF
BSF
Baseline
BSF
V
oc
(mV)
	
FF
559	 .74
586	 .73
56	 .75
563	 .60
537	 .73
566	 .77
554	 .77
596	 .79
579	 .75
596	 .80
*Control cell with hi4hest • in the sane lot.
The RTR and EFG materials used in this contract are now obsolete.
Claims by both sources of these materials indicate that consider-
aL.E irrrovement in quality has been attained. The Wacker material
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could probably Le brought to higher efficiencies than reported
iv^re by using thir., ►er cells in conjunction with back surface
fieids. There was a noticeable drop-off in efficiency at the
corner y of the Hacker sheet due to either reduced grain size or
oblique grain boundaries.
The web material would appear to have considerable potential
for high quality cells. The ability to control the sheet thick-
ness as well as resistivity and lifetime would i ke this mater-
ial a formidable contender in the high efficiency cell class.
The heat exchange method has shown itself to be capable of pro-
ducing quality solar cells. This is especially true when clean
polysilicon is used as the starting material. How uniform the
quality is throuchout the grown crystal has not been shown.
The method also appears appropriate for growth of solar material
from startino material that could only be classed below semi-
conductor grade polysilicon.
The continuous CZ method employed to produce some of the material
in the contract does appear to have considerable potential. The
consistent results from top to bottom and crystal to crystal
and the overall improvement - -or^ Phase I material to Phase II
material supports this outlook.
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7.0 TABLES
Table 1
F1 (SISTIVIT Y AVID ILLDMINA T ED Cw: o wCtE p I6TICB ••^ -^•_^^ _^
APFA (CM2) 4.000 6.000 6.006  6.600 000 4 006  6.060
-	 TH341. (CM) - .02: .0., .622 O:: 024 .4:2 .6:2
6.D RHD(Or(M-CM) .000 .060 .060 .000 .640 .004 .000
A. Co. P - $I.&( OHM ) 56.014 !7.143 52.110 55.064 .000 56.630 30..0.17
AMC VOC (MV) 1.49 OGu 546 000 544.000 5)3.060 .000 5?0.000 .600
AM ISC	 (MA) 127.000 243.000 234.000 243 000 .000 1?6 000 Oco
AMO vMi-	 (MV) 444 000 449.060 416.000 _426.000 400 436.040 .000_
AMU 1r. ► 	 (MA> 119 060 226.CE0 214.660 192.000 .040 164.060 .000
AMv FILL FCTR .75E .759 .ties 626 OVO .669 .000
AMC EFFICIEIIC' .C94 .125 .Ito IGI .000 .604 .060
Ant vCC (MV) 044.000 545.000 044 000
_
571.000
_
.000 337.000 u04
Art ISC	 (FSA> III.a0c 213.004 :66 600 213.060 .000 1 o 000 .060
PHI vf.F	 (M%') 453 000 433.000 415 Goo 44S 000 .000 440.006 000
AMI IMF	 (MI.) 102 .Gov 196 000 110 000 10.0. 000 .000 6e 6J0 .000
F(MI FILL FCTR .160 .765 .704 .0.94 .000 .66: .004
AMI EFFICIENCY 116 .148 _.131 .112	 •_.. .000_,_ .0s7 1000
Ar.I EFF/N.• 0 EFF 1.163 1.194 - --1.196 1.111 000 I.IY0. 000
WHEN BROKEN 0
_0
0- 0 ►ROBE	 TEST 0 PRIHTIN;.
A 6
 C_. _ r D E F
A%E I• (CM: ) 6. 046 6-00c 6. 000  6. 000 6 000 6. 000  6. Ooc
Tr.:CK (CM) •6.: .O:0. .0:0. 0.5 .6:5 .0.5 .0:'
E D FHL(OHM-CM) 004 .006 1600 400 .00C •040 .000
A G R-SI.R(OHM)  S: 931 51.6x5  55 0.17 5?.704 55.744 55.744 _	 d6.9+c
-^	 Ar, VJC (rv) $44 Gov .000 030 600 52d•000 5:6.400 534.000 524.000
IP"i I CIC	 (MA) Z4; OGC .000 247.t00 246	 000 251.066 :53.000 244.004
Ar., vr.F	 "M6) 447 004 .000 4:7.00. 4::	 00v 414.000 4:e OGO 423 004
wM( IrP	 (ca.V 2:0 6v0 .000 226 600 226	 006 231.000 235.000 ::• -Ocv
SOMC, FILL FCTF 747 .440 .737 .734 .7611 .747 .74;
Arc EFFICIENCY 1:1 Ouo .119 .117 .116 .123 .116
it
_
vi.	 (Mv) S43.600 .040 5:9 000 527.0i•4 52`..coo 5:9 600 3:5.00(
W ISc	 (MN) 2CS 040 .040 215 600 213.000 216.606 119.066 614 00G
v-P <Mv) 445.066 OGO 425 600 426.040 419.000 42- 000 424.000
I.- IMF	 <MR leis 06u 060 195 000 194.OGu 19v 600 26:.440 195 066
FILL FCTR .641 .000 .N ) .736 729 .748 .736
[FFICIEN:' , 140 040 .138 .13$ 139 .144
'-
.136
[Fi/AMC EFF 1.157 - 000 1.162
_
1.172 -- 1.100 1.171 1.174
WHEN EP^.,EN G LOADINC CHIPPED CHIPPED CHIP /OHMIC 0 CHIPPED
CELL N:.MC 6	 _ xi )tl0 )111 kt2 x13 X14
AF E:• cc r*12
 ) 6 00^ 6 000 4.000 4.000 6 OCO 4.000 4,000
TV. :C•. (CM ) . 0-7 Oil . u:5 .02-6 . 0:7 . 027 . C27
6 L PP4(.( OHM-Cr. ) C4. .040 000 . C 0, 06d 060 .600
w D c - 51•&.Owr _	 56.410 46.2:6 46 44b 49.65: 4L 442 46 492 45.093
i.'7: vO0
	 (MV) 531.000 511E-000 592.000 546.046 513.000 565 000 609 OCR
AMU ISC	 (M(.) (540Go :70.000 141.Leto 140.006 274 GC6 141.000 144 004
Are VP-.F	 I. 46: 000 4E0.000 451 COL 465 000 319 OLO 416 400 49`_ 040
AMG IMF	 (1,144. 234.000 248 090 109 000 93.046 204 000 75 004 124.004
► * . FILL	 FCTR 6v9 .737 .599 .5:7 .463 .407 .701
4 - fF r I:IENCY .11p .147 .691 .060 66G 660 11?
Ant v6:	 (HV) 530 000 S94 .4J0 .000 .004 (.0. 600 605 000
AM ISC	 (MA) 22L.000 1?5 040 OOG COL 004 .000 124 v4.)
AC1 vnc (MV) 416.000 460.000 _ .00C ct 000 .004 496 040
Art IMF	 (MA) 196 O-iO 2,7. 000 .000 .06., 000 060 164.000
AMI FILL
	
FCTR .766 .744 OOv .00C .0U0 OG: .666
Ant EFFICIENCY _	 _ .137 ,174
_.000 1000 .000
_coo •12i
AM EFFiAM4 EFF 1.168 1 t64 .000 .000 --.606
_
.000
__
1.137
WNEH 99?0KEI4 CHIPFEG 0 0
_
0^ 0 0 0
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Table 1 continued
- -	 - RESISTIVITY AND ILLUMINATED C11AR1.CTLASSISC20
.^^^..•..•__-
-_^ ^^ _	 - ^• _
_
-
66001	 ^^_^•-^__..---....	 _.._ -_.•...	 ._.__..• .- _._	 .__
CELL NAME  X2 193- %4 MO
 
x. 1t7
__ .-	 •-_.-^- _
AREw (042) 6.000 6.2000 000 ___6 Soo ..GOO 4.066 6	 Oct
1	 TNIC ► 	 (104), .025 .20:7 4:3 .6S4 .0:4 1:4 •o:4
i 0 Ir N0.6NM-CM) .000 .2004 400 .600 0 c G 600 o00
w 0 R • s9R ♦ ONM) 5t.t6s s1.t12 sl	 2 1 ,1 5e.7L6 •9 6S2 46.•53 49 6:5
Ar.0 V0 r (MV) 591.VO0
_
000 .000 604 000 596 060 49t	 060 599	 CCO
461 0	 ILC CNA) :!)	 GCC Soo 000 274	 O00 136.000 140	 000 271.Of0 
AM (0 VrF (NV) 49!	 000 .2000 000 542	 a 0 J .9..000 :6..060 451	 OGG
AMC
	
IMF (Ms.) 24? Ova
.__
.000 .406 2•.•004 130 600 7+.040 241.000
AM( FILL FOR 7:7 .060 .040 .751 .770 .270 .690
OF,
 0 EF F ICIENCY  .136 _ - __ - .000 000 15t t19 __	 _.035 .tai
AMI	 VOC tMV) .006 .o00 .ova sot	 000 - S 4 4 to 0 .066 5420 Q1O
A0:1	 I6C	 CNw) 000 .000 coo 23: 000 Ile	 060 coo 21^	 000
AM!	 VMF	 <MV) .040 .2040 .000 •94	 000 196.000 _OOu 446.00V
A+1	 1 ► F 	 CIt 	 ) .440 .000 000 210	 6V4 110.000 .04,0 210	 000
A`1t	 F:l, FCTF OCO .000 060 .737 .776 .06C .693
Ar.1	 E<<ICIEN[Y OCO .000 .6J0 174 136 OSC .163_
AEI	 EFF'AnL EFF
_
060 .000 CDC 1.151 1.149 .1.00 1.120:	 •--' ^^
f	 WHEN iRGAEN 0	 -^ T[NR.TEST	 TEMF. YES T 0
CELL NA-E
A= Ea C CM: , .. 060
0	 c	 R,.JC6NM -C11> .GGL
A.D R-;u..O,IM) $3.7W
Aru VOC tMV) SOi.OV.
A'.	 VC (11.4) 144
	 204:
Ar.	 \ ► F	 (MV) 456.u::
w-;	 FILL	 FCTR .N:
^'	 E^^:CIE1+.r ti:
00u
^	 ' .664
«	 i	 .M..i .400 - _.•	 _ _ _ _
«	 FILL FCTF .000
A'"+	 E FF ICIEN: I . , 00:
A-1	 EFF/ p n6 ErF
_	 _
O4C - - --- -- -- ---- ----- - ----	 --- --
Table
 Z	 -
s°ECTRA. SEr.LITI'^1TV
UE6:: +
CELL Nw IE	
-
1 _ - ---	 - - -- 7	 -
^	 ^.	 tNICRON>
-	 ^^	 -- -	 12! 1S0
-	
t•e t.0 00J 13! OuJ	 - -
.5 .267 .346 3:6 356 .004 .29Q .000
!C  .3a 451 437	
-
.4l6 .040 _	 •3*1 _	 _ _.200'1	 --_- -
----^	 S! 4:b .443 -	 400 - .50 15 .000 .425 .000
.5:4 Oco .431 .400
.6! .172 ^.: 5Ss ..0 _	 000 _	 1!9 OGG
76 .46' SiL --•5'4 57i 000 .474 OCO
75 •!06 .614 .601 •606 .000 .50 000
.0c .521 .63a .615 s;: 0oC 420
-	 -
.ou0	 - _
205 .466 - -	 .60,^ --- 563	 -- SOE	 ----	 . CDC .47; .000
9G 1!! .036 .5:i .556 at" .47s .460
9! 330 .415 .394 .4C' CCO 331i .000
1	 0`_ 094 .126 .11. .12C 040 .094 .00J
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CEL6 NwMC
	 x:
W.L. [111CiGs,
.41 .ILI
45 771
! • 4?^
466
s3;,
c ' 574
'• .613
sc :^!
F5 7.:	 -
90 .74.4
9! .776
1	 0! .394
C i -	 ^•'• C w.
r	 IMICRON>
Table 2 cl-intinued
%rLcTIAL	 t[Na11FIVITY ~•^
x[001	
-..-. ._.... .. _	 ..	 ..
_CCL1. N411L T
Y.L.	 (MICNON)
41 - .If4 .15J15 --	 .151	 --'.149
-_.I57 -	 146 ----	 147	
«. -
.4S 7v6 440 340 .777 .35 2 .339 .33:
.90 .450 .000 4.1 .430 .460 .45: .41f
.5.'r .494 .000 .404 .137
	 --^ '	 .500 .4.7	 -- .487	 '"'« •_-
.60 .920 .04,15 .771 .f26 .347 . 54/ .523
6! _	 _	 •691 .000 .3W a" .Z7• S10 - $SIP
70 .961 .000 SC4
_.-
564
_
.599 .514
__-
.976
600 .000 .614 .616 .6:i 612 .611
•561 004 _.30.3 ^tN9- .654 657 .639
eS LFi 040 .619 .620
_
.632
-	
____6I6 .610
	 -	 -
•, !47 cu() . 56u .%66 .Sia .512 .56S
^• .444 Co.). .444 ___ .460 .4l0 .457
1	 L^ .1.1 04,4, .177	 - .179 .137 .142
_
.136	 1
-
CELL NAME .-	 G
_1<1 X10 XII	
--
1112
	
-` -	 X17 X14^^
W.L.
	
(nIClkGN)
.41 .172 .144
_	
.162 .206 .1i7 .240 - -	 147	
^-
.45 74:
.3:0 715 .744 .342 .777 .294
!: .4SC .446
	 _
_	
407 .41! .445 411 .007
! 1. 496 .907 444	 i .44L -	 S4: 4L• --	 .435	 -
6G .0.41 5S6 464, .41;3 S!' .43• .4'4
•: .L.`1 _	 .792 .4"  .497 .-.fi.3 .49: '405
7C .577 .6:6 436 .S46 .6:7 .561 .u9	 -	 - -
7:
.612 .667 1"4 f73 .67- .60: .564
60 .646 .744 494 __.
-
544 .736 .646 .611
.644 .743 .477 .623---'-
_
.767
_
.645
_
.63:	 - -.-
9G .640 7:! .7:! .719 .04,5 .7► S .6 ► 1
9! .474 .702 .6710 .6!9 .654o .744 . 71 0
CS .146
.305 .33`
_
.347
_ _
431
	 - .411 .753 -`
X7 X15 K: -M6 K' we
000
.1t6
440 47
.34•
044 --- .000
- - .4a5
.790 .`_' .4^0009 .000 419
_	
_
.43: 475
__
Sls
000 Ooi .545 .466 .5C3 S94000 .94	
--
.570 .467 .495 .599
004 .9CC .622 -
_
_-	 5	 1
.614
.634
OuG .060
.4062 .543
.670 .61:
OJ: 00^ _ _	 .^07 s^9 .64: .716
O4,o 000 7.6
	 -
_
-	 .6^1 j44 -- -	
.77.
OCJ .00^ .7i 7 .6:3 .663 .604
006 .	 .004 .000 .69'
.6.!04,J .00J 401 .271 .415 416
41 .14c
_	
.SG •^c
6G 4C7
_	 .^S 4S1
I	 .7s
.sr
- ------- 
• 90 sF4
.90 .674
.95 _	 664
1. 0!
t
374
-31-
Table 3
RESILTIVIif AMD
	 ILLUAINA I ED Ch(.r4CTIRI61IC6
..r.-
..r_^...._^_-.....wool
CELL NAME 	 1	 ..^_ 1 ^	 -- 1•.^ ^,.- 14. I1 ..._./1. .. 12
AREA (CM21 •	 00( •.000 -4.000 '"	 - 4.4iO 4	 000 4.000 4. coo
T,.1Cs^
	
(CM1 .410 .016 .010 .010 .014 .010 .018
6	 0.0,040.004" -CM) 1.	 315 14 346 14 206 13.046 14.93: 12.4#%3 19 5!6
6 O.R- 91:004 004M) All 632 47.31E •6.600 '-	 •7.133 11.246 46 6t0 47.133
A)16 V 11	 (MV) o00 373 000 516.000 3.: 000 563.100 s: 1.000 a:'!	 4op
Am
 I6:	 ("Al, OCO 142	 Soo 136	 coo 140	 000 143.1011 131.000 141.coo
AMo WIP i11V) .GOV 463.006 441.Ou4 442.0io 474	 000 441.O0J 4ea	 000
AMO IMP (Mi.) 000 120.000 117.00) 130.000 130.000 127.000 131.000
AMG FILL FCT• 00, 720 .601 .730 .737 .73: .74:
AM E FFICIENCY .000 .110 .097 '---	 .106 .114 .103 .114
A liI Voc (MV) 000 373.01)0 .000 361.000 $60 000 .000 512.owl,
AM 11c (MA) coo 123 000 .040 1:1.000 1:3
	
000 .000 :23. 00c
6041 VMP (MV) 000 4i2.Got, 000 4:0
	 600 4L6.000 .0?O 46(.0110
A . 1 IMF	 (114) .coo I12.000 .04a 111.000 115.000 .000 114	 0.111
AI:1 FILL FCTR 000 .734 .000 .736 .754 000 .742
-- ^ - "AMI E F rICIENc% , -"	 Oc0 12S ^-	 --.006 .125 .13: 040 .133
AM; firlw.cl E F F .000 1.161 .000 1.176 1.162 .0wo 1.171.
UMEN 90001 E1. EDGE CLEA N 0 0 O {PEC.RfLP. 0 0
CF;L NAME - 3 . - -	 --	 ^.	 --- 5 5 6	 - --
6( Ei. (Cm.;	 -- 4	 000 4	 Goo 4.006 4.101 4.000 4	 000 4.00(
TNICA (cm) 016 .016 .016 OI: 01E Cis .01i
6 0 ►NG-ON«-CM> 13	 035 1:	 374 13	 se; 12 !44 14	 214 13 r^0 14.70&
6.0 1-LGR.GNM. too 47.113 49 319 47	 512 4?	 039 4e 439 .000
AM A VOC	 (MY, .100 .ovo 561)	 000 511.4v4 sta	 400 376.ci•1) .000
Am p IS ._	 IM.. 060 Oc6 140
	
0110 141,.00p 144	 OLO 142.000 .000
Am VML	 1MV; 40u OL: 467.660 4:7 040 4i4.($00 411:.000 .606
All(. IrP	 .M.1 OuC 01C 130	 OOJ 1:9.41)6 131.000 130 Got .00G
A'su FILL FZTP JOC .CCU .74i .737 .724 .732 .060
AMC EFFICIENCY - -	 040 '-	 Ouc 112 loo 112 .111 --	 .000	 ---
AVI *..0	 IMl) .001) 0^,' !73.044 364	 Goo 561.000 574	 Coe .0_j
Ent is-	 i Mi. ) .440 OG. 121.000 122	 001) 123	 066 ^:.404 .61)0
Am l, ?, F	 (NV) OuC Ot•C. .'1).000 4!4	 000 466.000 4e4.coo .670
An! Iri	 (M... G4 001) 11=	 OoC 112	 600 113 006 112.000 CCU
Ari FILL	 F:TR 416 .01N0 V3V .736 .744 .741 .001)
API EFFICIENCY 000 - .000 .132 "-- - .127 -- -	 .132 - -.130 .0r0
Ant EFF/AM4 frF 060 .000 1.171 1.1x7 1.177 1.171 .004
YNEN {AorEN DICING 6AW LOADING 0 0 0►EC.RESV. 0 DICING 6AW
CELL N6rC
A& EA . M2) 4 0C. C 4 060 4 004 4.006 4 000 4 coo 4.000
T-ILl^
	
(CM. c16 .016 .076 .61b .016 016 .016
1 0 RNO:004M-CM> 13.63' 14.31.9 12 99 1 1! 042 13 320 14 097 12	 296.
A.G.1- 6211111 ONn) 47 56( e
 34! 47 131 47 137 45.773 44 152 45 773
AMC. vOC	 (1.:1 $61 CGc 504 000 575 0CG 561 Coe 571 006 56: 600 OOC
AMS 1f.:	 (MA) 141 OOC 144.96E 127 064 142 evc 146 000 t39 000 .000
AMO VMP (Mv) 416 000 471 000 461 000 469 OOC 455 000 471 000 .000
AMG IMP	 (MA) 112 GCC 136.050 116 004 136 6uC 129 Ova 1:7.040 .060
AM L' FILL	 FCTR .624 .726 .73: .734 .734 .739 .00C
AMO EFFICIENCY 09+ .113 .099 .113
	 - 100 .111 OOC	 -
AM1 VbC	 (MV) .00L 576 OGC .Cori 379.009 $62 coo 513.000 OOc
All I If[	 (M(.) 000 1:4.000 .000 122 000 122.000 121.006 .006
AMI VMO (MV) 000 474 006 .000 461.406 455 GOO 4C5 000 .000
AMI IMP	 (n:.) 060 113 000 Goa 112.006 112.006 111.000 .000
*MI FILL FCTP .06E .741 .000 .744 .743 .744
.DOG
A11t E F FICIEMCY -- .006 .133 000 .131 .127 .129 .000
AM' EFF/AMO E FF 106 11174 DOG 1.166 1.173 1.167 .000
YNEN BROKEN
	 0	 0	 EDGE ETCH 0	 0	 0	 {.{.F.
-32-
Table 3 continued
4ESI6TIVITY AND ILLUMINU T ED CMr.R.4CTEf.15TICt
CELL NAM[	 -^""- -1!. - 17 -	 - 15.	 - 14	 - . -.__ 16.	
- 7
AI• EA 4CM2> ••000 •.000 •	 000 - 4.000	 '" • 000 •.coo •.e0n -
10I0. (CM) .016 .010 019 .010 .019 .010 .01^
0	 &.01(01 0H11-CM) 12.127 15	 269 .600 14.613 coo 131716 1•.291
A.L.R•60FCONM) •5.777 .000 000 40 492 OCO CCO •3.!07
AMO vcG	 (Mv) 560 0040 .440 .000 .006 .000 .0400 51] Out
A ►1(, tic	 .MA) 137 000 .000 .000 .004 .000 C00 140 640
614 VMF	 1lIv) 447.400 .000 000 .000 000 000 •72. )C(P
4040 IMi	 (M..) (17.000 .000 040 .064 .000 .000 1229 060
A"0) FILL
	
FCTF .717 .000 .000 .000 O6L 000 .746
-^"	 6",C• EFFICiEH:V 105 060 .000 -"-.10103 coo 000 113	 "
AMI VJC (M%) M, OYO 040 .001 coo 0C.0 561 0.0
1641 Ise	 (MA) .OG6 .606 .0404 .6104 .0400 .Ovo 121 (lot
16111 VrF (MV) 000 .000 .043  .006 000'-- 060 •6e Oct	 -
6111 VI I (Mk) .000 •Oc6 000 .600 .060 40406 112.Okov
Awl FILL FCTR .000 .000 .060 .000 .000 •006 .739
AN LF F ICIEN'V .000 000 .000 "-•ono 000 '• - 000 -.131
All LFFi6'":	 EFF .600 .060 .000 000 .000 .000 1.165
WN[N BROKEN 0 V?l	 ►4361 DICING V/1	 01606E DICING scale 1	 0. 0
CELL N-ME kl -^- N2 --	 1013 k• x5 k6 K7
AFEA • OOC 2.000 •	 000 •.00C 000 2 000 • 000
THI. , kcr G:' .0:3 0:3 .023 023 143 .'3
0 D F«O . ONM-CM) 2 03 , 1 194 2	 071 1.909 2 194 2.13• 2 092
16 D,R•WB4ONM) •6.77' 45.777 49 492 49.3199 4e 94E 46 226 44 41•
AMP VOC (MV) 606.04: 603	 000 31?	 000 576.000 59? C0C 601 000 f05 000
A10 I£C (MN> 1.7.000 1.9.0(0 137.00: 1.6.000 129 000 142 000 152.006
ft P, VMF (Mv) 506.1010 5	 9.do; I71.too 437.000 44' 000 •ii 000 5u4 001
AM IMF	 (M:.) 133 00) 137.00. 90	 000 91.000 127.000 1;06 o06 1.0 000
AM: FILL FCTR TS+ 77i .407 .466 .746 73` 74i'
6'16 E F FICIENCY .1:3 .121 .0?2 -- ----•071 tI .11E - .130	 --
AMI v6:	 (rv) E9L 600 601	 06. 004 .000 Coe 000 602 C46
AMI Ise (MA) 127 000 129.000 000 .000 .000 .000 131 OGO
AM vr9 (MV) 4S4.66C OLS.0406 .4044 •660 OY6 OCL 50; coo
AMI I1' p 	(Mm) I1. Oo^ 120.000 Ou0 OJO O4c oGJ 12i•CJO
A1+1 FILL FCTF .744 .742 •00: .000 cc, Oo0 .777
AMI EFFICIENCY /•' 151	 - 000 :000 --- 000 000 .157
6M1 EFF1.M0 EFF 1.1•• 1	 174 Ovo O40C OTC 4000 1.17•
WHEN 693 0,[N 0 0 CELL	 SLIP 0 0 D 0
CELL MArE '- NO	 - --. --	 ^- -	 --- - ^_^-
THIC) (Cr) .00
6	 I• RNC,< GNr-CM ) 1.834
0 .D.i - ;.;a ON" ) -	 •6 226 -	 - -	 --- --f -_	 ..
b11 ,^ V?C	 . I"' ) 363 000
A11J I£C	 (M.1, 137.050
Nf.Y %q;i 	 <M, ) 203 0.,3 1- -	 - - -- --- - -	 - ---- - .. - -	 -	 - •-- .. _
arl IV p 	(r.. 11.00:
A"; F:LL
	
FCTF .31.0
AM( E F FICIEN:v 071 ---- _ .- ---- - - -.. --- --- -- - -	 - -
W1I ;,;	 LI'i ) 1040:
AM1 IoC	 <M4) 00r
AM VrF	 M. .00;1 -	 - -	 -	 --- • - --	 ... _	 _. _
f.•'I IMF (MA > 000
AM' FILL FC T R 004
AI,I EFFICIENCY -`- 000 - -- -- --- -- -- - -	 - -	 -- -- - --
6-.'1 EFF/AII;	 EFF COL
WHEN 6R3vEN C^1P OHMIC
-33-
,2ib
-	 CELL NAME
y.l
	
1MI^AON>
.41 OcO
.45 000
_...__	 5C	 -	 - 000
.55 .040
1 c 000
._	 _	
tS .000
7Y 000
.75 coo
'--'-	 .00 000
1.OL 000
CELL NA11I	 --°- 7
y L.	 <NICROM>
.41 .4G0
4! 0^.
SO OOc
.060
e( .000
69 66G
7J .O.G
75 .006
6r --'°.000
9. Oct
+	 OS 0(^
Table 4
f/(CtRAL fCl(s1f1V1T^
197 .096 .099 .101 .103 107
223 .227 .226 .241 .250 .244
741 -	 .743 .763 .767 .774 .7(0	 .._
477 .422 .4411 .444 .449 .445
479 .460 .493 463 .606 .402
$26 -SO4 .523 .Si4 .524 .520
569 .579 .577 .5!6 .5115 .5!11
f25 .191 .621 .64o4 SS3 .600
674 .610 .636 .626 Ls] .620	 "-
6*6 .626 .646 .6115 .60! .649
7 1 0 .660 .642 .702 .609 .460
620 .605 -.Sit - 	 .673 -	 .419 .6:3	 --
200 .202 .161 .214 .157 .206
000 .,os ,rs .c73 .tc3 .o^^
c0u 24• :!a .176 •249 OoC
Dec .366 2- .?!0 .770 OLC
060 .43a 444i .716 .447 .O6J
0('J 47i 4cC .73! .45i .000
OOG !^7 11:2 .363 .52S - .Oct
000 .535 !!4 36' Set .040
O0u .575 .!40 .416 .667 Oho
Oc0 .609	 - .590 - '	 •420
--	
.111 -- '	 .00C
O ric .616 .62e .444 •641 .cc.:
046 .620 .6!a .46i .67+ AC(
O'0 .562 .3!4 .417 S`B .O.c
.000 .107 .177 .140 .115 OOL
1
CE.. NAwE 1 7 -	 7, -	 ^ 0 ^ 9
W.L.
	
(M1 60M)
.41 .113 110 .09. .105 .14a .1Ot .000
.4! :'i .256 .2: .:4C 2r. ;114 .069
SO 3i' .779 .:41 .369 ]117 .776 .000
_
4!3 .442 .411 .446 . 4 70 .444 .0cc
c: 4 .491 .44! .a14 .4YC .4" .Ovo
611 .!:i .516 .4'0	 -' -	 .!211 •11:3 111: 600
11eJ .54i .5Js .3`': 5*5 .5.' &cc
75 6C7 U4 .540 .606 5911 .564 OCO
- -_.
	
.60 - 114 ,617 - .544 .621 -	 .5 0 2 .606 000 - -	 -
.05 64: .636 Ste 611: .S9! .6:y .010
.9( .6•4 .611( .SE- 69+ .617 .11.4 OCu
.95 Ste .39i $04 .620 _ .49L .5S4 000
1.011 .109 .106 .165 .204 .176^ .200 OGO
-34-
Table 4 continued
L^ECTR+► iEMS1TIVITY
WE602
CELL NAME	 ."""_- 12.	
'"_"_ f7 . "^- 17._"-^'	 14
Y.L.	 (MICRON)
.41 .115 .000 .000 OOo .0vo .000 .110
•	 4S .272 .000 .000 .000 Ou( .0.0 .261
•369 .000 .000 .000 .000 .000 102
SS .451 000 6u0 .000 .660 .000 +4a
.6V .463 .6.0 .00V Ou0 .6V6 .600 .460
.65 510 .60u .000 .060 000 .000 S12
.76 .536 .000 .00: .000 •000 000 .539
.75 .5i9 .000 .00V .000 .000 .000 .570
- -	 6  -- - .570 .OGO .000' ".000 .coo .000 591
.05 .506 .000 .600 .4C4) 600 .000 .619
.96 .566 .000 .000 .00C .00O 000 .039
.45 .47G .000 .00C Coo 000 .000 U7
1.6: .151 .000 .000 .000 000 000 .200
CELL NAME	 xl	 X:	 x3	 X4	 XS	 x6	 x7
Y.L. (MICRON)
.11: .115 .I"E .111 .10Y
^^ 1411 ii: .234 :c1 .2t7' 272 .24:
:C 741! ItB .775 .3;3 •30 3+' 7741
!: 14t I4e .4OC .4`.2 .4`e a:i 1!1
60 ^s0 X93 4!^ 4i^ 41.7 .47^ Gou
t S'! E3. 4a Sts E': S14 S4V
7, 5041 .53. :!S EEG .5t 1) .3741
c	 o .6:4 .575 .6(': .633 413 .627
. .6`.^ 61• .i?0 E66 .41St .6417
6s4 .077 .6t^ 70' ^s 7Gi
.754 .661 .73? .iOT .7 `t 776
<< ^^. Iii .6ir^- 73. 7Gi 'e7 .794
C •. .4119 .340 .304 .313 .371 $06 .373
CZLL Nisi x0
6.L•	 (MICRON)
♦+ .2t7
.• .710
• 7'_9
cv ^6!
65 .4G0
'u .617
75 •t:0
i^ •ii!
6`. .64,6
9• .Glt
y! .715
-35-
Table 5
-----~- ---~' -^~'
wE ^ ImI°Ivx-^u ILL "°xwA'uo Cw.wI,al^fmI CC -
CELL
_N°I'l ^^m_^ '	
'	 n10p
.
1Ito
.
vNo wm_ ____X 3_____~^^.
^L x ^ o 000___^ m.w^^ 0 4.0*9 8.000 0.000----^--/°/^° ^^=^~------
*ar- .v^y ---- ^oi+-----^»^^
_____
6.
	
` ° u^okr-cr .00 .woo .v^o .000 coo ."uo
^-*Cm.o*nP I,*.,,+ "	 275 140. 719 ,*,.^v^ ,ow	 115 ^,* °^w ^,^°6s
------~~. `^^ ' r^'	
---^mmf
'°^°	
' S^/^000 --w^w. a"°' '-wxt °*^ w^r	 ^oo _-n^^	 *60 55.60^C
4.-(	 /^^	 .^^^ mw* wa ° `^	 ^°4 252 w"o 231.*0" uv^ 000 255.600 .1 62	 000
..	 ,..p	'^"` srr ^.^ ^^."..." 4 * 2	 ov" ° too .*^^ 000 z4i^ -oi-O 461) ^o^____~__
-----^-^~*-^"p'^*= .°'--.+6 .*..-- ;n4 7^ 0o---d .1 1 7.46--^ _16
w°o FILL FOR .p,o .vail .p35 .,pr .w,, .77:
w" ^ mrFxcxs '.c° *rr .*'5 .*x° .mw* ^o°n .o°r .,.r
-^~--'°'./ °oC ^~°' --wau ^^^- 57: A(.0 $29' Doe -'wnn'^^v---- o4*^	 '	 '	 ' woo	 - yw*^o^o ''----
/	 xic	 ^r°` aw«. Owl. /: .1 .*»* .1 19. 0016 Zov	 ^.. ^oo* o.v *o,
+*'	 v "° ^^,, v.o"^ */.	 oo ^ ^'°	 6^o 419-*00 coo wm^^oo
'	
---1 r4*000'--2447so.;---1027440 Ooo'--az^''v^»'-----
*°/
	 FILL p C,, ir, ,ni .rzr .72.1 .^oo w^o vp^
d " ,	 m, p xC:mwCv o~v "ir^ .10.6 ^'", .^^^ ^oo^ .vni
-------^
	 ,° `-m^^.*u mwp----v^^/^^ '- - I	 /jr -I- fi g --n^ a;^ --- '^^^^	 - --.^^^ -- ^'nmf ----
------^°^°-w^»°n^---------------u*'.°L»^ro*--------------------
wwwxS`I*I`. "^d-	 xuvn/°~,^L' CO-^°~0""/0/Cm'
-_--__---------'__-'-_
Ci^.L"'^^a  ^~
-_--' - ---_''---___--___-__'---_____-
________^.o°.____^^*^^ _^**o a^o*o
' =;^.	 `^,`. ^^^. 7^0L ^^zo-----71,7xr---'^. _3 3
..'- °^. °." o^. w"
~o. p -oa^ o.n ' ^*^^," w^	 ^^ '.	 rr^ ,/- ; ^ 3 r+ *v.
---'-~-` 
* o" ^"*'
-	 6w ' mra.0^0 s,i	 015^ W 06 n^'	 o^o -	 - -^- --
.~,
	 x*,*	 M. .",^. ow~ 0w /"` =° Z55 mo ° 174	 to
~°*`
 o^° 4-i 7. 460 "^^ °^t.	 o "" ^^^ *o. 
;i3 000-223-oa ---o2xn6 0	 517000--------- --
° FILL p c,* r*Z .r,o .6Q7 .ran
^°. e, p xcIs^^ c, *° ° °72 °V3 ,m 
5 1 13	 ow mms ^w I s oa 563	 0.10	 -- -' --- '	 --'---'
.041) i4+	 " ivo / " z	 "." Z^..^, " a34	 "oo
~`.	 `,°	 `'.`^ .+*o 471	 °"o 46* *"4 ^^. w° ^*". .w
''-----~`''x"-^x°'^
	
------^wio,---u^C.'°°v--1U w u^ -	 --v ^__ 2/lj-.^ 6 0
.' FILL vZr9 *oC. .r:! .ra "^+ .7.1i
.' 	 E"rxCm.'. .606 .133 C°° /`` .120
-36-
Table 6
i/FC14, 664.
	
i(u1,11 /v11Y
YFL03
CELL NAM[ f1• 115 Mf 1i- 115
Y.L.	 cMIC11GNf
^	 .•t . JVJ .Ili . V im! J4+ l i• ^	 - -....^ .- .^.	 _ _--__-..-_
.45 .000 .21: .161 .19! 2:1
Sc^ 4uJ 317 :c1 .24+ .317
341
.1V ovo .415 1{r .Nz .414
(: 000 .445 3ii 42' .4-7
's C^u 5•: .444 •+• .501
t0 .0400 S" .474 S!? .S••
-_	 - -Et ' ---- 7too' :400- . "-.S••
!v 400 = 404 Se• 517
^S 410 41S .1417 S•+ •+A
-	 -	 1 . JS (.ou 2.7 .241, .:a . liri
LI LC T O 	 'JL • ^_S 11 Y11Y
4f L01
irCFu 1.rYt	 ^^_ -	 1 'R 1_^ ^. 1TS. 3 ..-^_ IQ7	 1 141	 1 _. -	 f11 - - !cam
-- - X3 - ---
v.s.	 tM.'Aurl^
.14' .:ea .:•O .230
•. :>i :+S .311 7i+ ?:1 3tS
-_-.55- - --3Sy-'«_
_.3Jt _.^--:3+i--- '- ,i,' --41y --- ;=!4 ---4u1----
cG .3b7 ISO .411 .36e •S• .•:S .449
.-	 e5 _•17 ??: .•tS^ .•Ili .•vt .45•_ 475_ _
7: *SI +1t1 •e+ .456 SS. S:: S:1
90 .409 .374 .42i .421 .414 Sf0 Ste
f3 .U4 :05 .320 .3:1 •448 .573 .SS,
.OS -_- ZSS- 40 S---?SJ-71C-
-37-
Table 7
Red is I IV I IV 04 ,44, 1 CLUM I to. I E D chomoscU p I *6 y I cS
CELL ""PC all 02 all fA lip
_--
45v 6.411 0 6. 4'1 0 6.450 6. 4S G 6. 45 0
•	 0 NO. ON"-:n> 2. 134 1.339 1. 423 1 .904 1	 417 1.571
•0.14• Su	 3&05 43. u54 47	 3 1, # 32.790
V;)o	 C. .040 coo 000
m"%	 lic % M",
jjjjjV	 Vt1j6
	 . M •. ) Ova Out) Goo
v- I ti p
	M. P v W u VVV -7646	 .644
004 4) FILL	 FcTIk to') .000 Out v6 14,tv, .600 1104 .600
000 V v to voiN Out .x41) 
v voo .O JO0 •OJ0 Oi. o DOG—
N-!	 Itz	 (fi ft) vo,) .0vo to ) J It L. A.) (, i.Q Quo .000
am I	 VMJI, 	4 P I V a vvo) coo
mSo	
I - , no 	 ' . #)VW- 6j.4
ry
AII III	 FILL	 FCT& 00J ovo .000 .609 OJJ .000 .
.)Mt
	
f f r I C I Etli:V 001) v 00 Al 1) v 4) . 0vo
, fr•"fIC•
-»•!1
or .4) 4(,
000 Goo ooc--
I C I m E 
I 
C I N T I h.1 iFINNEX 4G I hTIN 7NTji1C C L -601V--
CELL N"mE 6- 63 64 85
164 C. 1i". 1 6.. 411 t o 6. 43 V 6.4Sjo 6.41.1) 6. 45v 6 45U 6.450
f.T"Ic	 t ^. m fp i F. -- : 634 -V1•- .LT? w3l;	 -. 03i-
III 	E. . 044J, ON"-C .604 2 - i 4.2 9. 338 1.O4+ 1 .579 1 . 33u 1 .661
so . t'	 & - ^ ' A ', &NM 000 Lk 5 .517 4* 0 v w 46.
	
1 •t •. 4 v	 71$ •9.17• 40 94t
1 11 14 0	 vc . 0	 (NV 1 $00 uvo 004 0A0k) 0 a C. Gib 000 
sont,	 M; 4nod) .400 . two vuv 6t . 0 444 6 V a .000
004 u00 00.) to w v u J 4) 0
AM Y v u 0 1) 4 it -:-v il 4 - 044 iob
411M (I FILL FOR .444 .6610 o5 vw ul - oo
. 
o kI o v 04o w u.O 4)
somo grrlctgkc y wee .000 OY4 uk. .. 00k, 0J0 4) 0 %)
mr4 I - v4;c 1 . "v p 014 .640 .004; a il a ;460 4u0 000---
Wit
	 36. 4	 ("61) A0.) .400 00%) uvJ .000 000 00v
AM t Y"p 01^ 4
3j v to w v -,a c v-
On I	 FILL FZT fi .640 .004 uvo vt 1)	 L . Gwo) 000
Ant IMCIEP•: . 000 .000 Wwo v.•.. owv evi) Qi) v
hmI	 EfFl.., Z• Err Q v 4) vuv 4.4 4 w OJO
z It.,; 6-.'o	 ETZn 6%0' FTCW
CELL C, - C.,	 - -C I
6.45v 6 4Su 6.454 6 a % i) • 454 6.450 6 45u
S. D. Romook owfq-c 04 1	 Sit 04) 0 1	 . lt. ! 1 .4t4 1	 ,v3
h.	 F -ScA . (Join A 51.891 53 vi ♦ 0410 51	 4 ^ . 46 . ' I,t 44	 1?: •0	 0 13
do ll	 Vcc	 t "v 4n. 0 .) v u w C 045 v of - 04u -	 0uJ 000
Aflu	 I 1. c	 (11.1 134.004 0v1) .006 1 4k, . UJI) 01) u .030
wuv dvv 00k . 6 0v
t,	 I v AJ _-Y VVw o; C-. 64u 3 ^Z w. Y VV
AM i• FILL FCYP U0 064 .000 .4,1 0 (.4j ij i) c 00w
A"i,	fvFIc:f ,4c .,. t. -, 4 .000 00Y .60.. 4)0.. v k, 0
ftf:* - VC':	 %m y ) eoio ov(• 4uo., 000
I&C %".) 4 0 4) 4o"11 6 w v .64j
VmP,	(mv) oi uO 00G . 0wo do(.
ioia .4)00 043--. -7 4)
&MI	 FILL FCTR .600 Goo .000 o0c 040 coo
Ant	 lFrIcIft,c y 040 000 4) k- V u u w 43.0 0) "
---Ot o f- EfFiPM-L" ffr 0 Iwo
LQ]i:
- WL L WTV- DTCIU: rTcw	 T.; itmwz; wc
-38-	
I,)pj(7,LNAL PAGE 18
OF pooR QUALM
Table 7 continued
OC61611VITV MUD	 ILLUM114w1EL Ch01wC1E61611C6 «_-
NwME--
	
-
[L.^..-.- .- C6  «- .__C9CELL C7  [^^_^
N 1'Ew (CM2)	 6.150	 6•450	 6.1130
_.	 ^-.-.^_.4=^ --
	 vJ	 --'' ^a
6. 4130	 _6.1130
.0`13"	 - '7•:3
6 . 450
oi3
6.15r
Tl..^r
C
/
FwJ' ONt • - ► M) I.Uv 1 .J+J 1.737 1.	 75 I	 ID1i 1	 - .705
F-$i ri	 AMMr 11,71 07. 17" Sa'.116 _ 3;5 YVYYv4
49. YSk	 -,
170.606
- -	 M,'4 •l'l	 tM.1 ) VVI YvV
.464
.000
.000
to
.040
3S3.v04
140.630 .4V0 IU.0Y064rU liC	 (r.r) 040
040 O4J 000 .440 113.400 .6uo US 004who
`-
vM► tmv	
^i-.OYV `.304 _-0440 304"-'75-805- 3JG---i6 0uL'AMID
Ar.4
lr.► %Mw1
Fl.l FCTR 040 40u 3u0 21•
040 S1J
rM0
!^M`11
L : rICIEMC'i	
-.^-
004
".14000"'-
.044
.440
13YY
.400	 -._ '
OuJ
-".OJ3 --
417
--	
.000	 --
Ov0
-	
.4VJ
3+J
.000	 -'-
M'll
v:C
	
:M.• )
1>C (hw .034 .040 •400 .Ou4 .044 .Oi•0
.000
64'1 VVP (Mv) .60.1 .(tJ)
040-
.OVY
-	 _ .144
.4003_
`030
040	 _.403
____30r_	 OL3-^
.030
`"-: 0C,0/tNI
04 •1 1
IM► ( Mw 1
F:..	 F:tc
:4044
.Y(./•
•
.4u4 .VV4 Yuu .033 .uu0 .3C..
64'11 ELF:C 3E//CV
'
4v) .vv,. VVV	
_.
000
. YV3
.600
•v30
400
.04V
006
MM1 ELF w'IV [FI -•40V 440 .043
y«E 1 • LSv ► En -	 - 6i21.11EF F 1 p 1HG	 I.l 6i1NNE[-` 1kTFTIFw'" _ -^ __;iIHNE3 ^' ---
--- CELL NwM€-- ----- ` t- - E:
QT "
 VA -
413
V., •. +54 • +RJ • +1V 6. 45u 6.45,
t	 J 6 450
TMlil. tCM)
_
vT+- .irli^ .403+ Y'i L7: : 025
S.V *MC, ,0"M-CM/ 1	 ?•! .7013 t.t10 t I.sv± 1	 S 440
w D.R- Kk%Onh r IV	 !'T: 11. LS: /ti.*+e 11F	 c': ('VV __- •004
144 V;C
	
(11/ • 	 _
_
voG 176.4004 .4000 .000 .003 .000
64MV It
	
<1'w' •444 134.004 ,400 .JOV .VJO .uVJ •004
h1v vKi t « ') 0Vi' •000_71.6 404 YU0 4V0 044__ 040
-"
_
/IM4-Jc P tn.. 1-"
_
.V40 14.4003---340 'Tr•`4 .046 --^8i'Ti -GuL
14M0 FI6L F:Tk 440 S43 .4u4 YV4 $Oi' 043 .040
Ah [Fr:C:E F ;C Y OG'` 010 .4u0 .443' .04i• .034 OVJ
"'-
`	 wnt' wC thv -^ 40•	 _ .0C4 -.444
_ _
--000	 -	 000
__
44G
p tt If:	 (rw. 3VV 4040 uYV 4t'u 400V 046 .0u0
.. n Vr i	 (1+ •, ) J:Y OY4 440 4VJ_ Y A0 }O 044 _	 .044
-MI	 111► :Mw) VVV- ---663 3VV -Yl'V .606 .YUY
&MI Fla ': CT R .4030 OOU 433 YoY 004 .040 .003
Mhl [FFIC.ENPV 1640  .4000 vuV vYV .043 u'0 .00v
MMI [cF.A 6611v a g o­ - .4VV .003 G43	 -  Jv4  .004	 - "- - •000
"-'^'^1«[1TSROi( [N-- 6wC ► E T ^^ " -+ Flf 7NC - LL Ii1NTINJ - V.^T ►RL6C V.'I-1RC6C - D1C1N^
1(13 M^
 
M4 uS
CEDE N1rN[ Oi
_ 01_ _-- 11t,
w t Ew (C F-2) 6.630 6.110 6.100 6.1•.0 6.130 0 ISsi
E '-CM> 0404 1.112 064 O44
OOC O4J .41••
000 St 40 11.:ae S•	 10,7 U. Ili S2.571
137	 4:+
i ,.'.' -405- 640 -5fo:040 ---36:-Lbt' -335 U4 579"'000
403 .000 :37.003 2113	 U00 2::	 uJC 000 216
	
644
•000_ .600 14: 040 Ie^ uu3 170	 Gi g 090 ♦ Sr	 C00
.040 .004 i43.40YV 1-iri.YViTi1^30Y .YVV^^>rrui,VM •',
/
" 'I..
c;..	 F,TF: 004 .006 wi+ 'v1E 1i9t 403 .705
w-.
-
E•IICIE14CY
-
00c
004`
.003
-_ 033
_
 ----7004
.1v/ 11J OOC
...
w-
(M..)
tlt•/ .OcJ .000 .40C 040 OOJ 343 000
-• v - P	 (M • '. 000 .33.0 .4JV 3VV 034 .000 .00C..
F:.l
	
FCTk .4440 .040 .4404 •b4V .034 .0Q0 .uV('
.. VV ICIE41- y .040 .000 .4031 •Ov0 004 uY0 _	 .4000
-Err w • '	 Eii- Obii -'--630 - - 063 ---'-GLS"-'---:000 -060- -00L
y.c.-6^,^eEN-^1`rnh. -^ICfii.	 -_	 i«Ck_TTZi.
-39-
Table 7 continued
&LSICTIVITY 0040 ILLUMIII-TE(" C60-10"C141011611C0
I F 602.
CELL NO"[ X6 xv x$
r	 C 6.470 6.454)
I Cot	 t A; no 7w.
E	 t , Awc,.004H-Cmo 6411 doe
go V 6 - SO , C-HPI 53 u; 4 41	 b vt S? !Ili
406mv	 VC•C
	
(MV/ Sep". (, u* U7. ovv 560	 40100 .044
41 ,10	 SIC	 (r.4) 2,; i	 ovv :34. uvo 4040 04ow
Om(	 Vf1f, 	 (CV) .674 .000 4?0.0-,0 473•V00 YUJ
4" f,	 PIP fer. Coo 202	 wou 197-6yo
04t, FILL	 FCTA 70 .713
EFFICIENCY--holip - 1-7 0.",
wif	 lwJc -,-	 4i-o •70150
ku4t	 Is ♦ 	 %11.00 Awo Juu .0yo Ovv
I	 VMP ("V)
all t- I lip -, M. ) --- 640 dod
&"I FILL FOR . 640V 000 Avo ipov
E FF ICIENCY Awk, 060) 4) v .4
E0-l;,-.Wn0 gror owv vvv .006 v (f C,
W-El- - 6 r-0k9k-- --	 -- SIMULATOF
----
Table 8
AlipIlIVIT"
CELL NowlE	 C*	 C5	 Ct•	 C7	 CO	 c
.41 .k,k. I. . VVu .%14A .0C.-) ..II : T. u C - - - -.IZ7-- ,---
4 4 OA* $00 .601) .320 .000 ..U•
(.•'.'0 04A .600 Ize . (i v C)
06,4- "-- (- i- (- 71,	 t C
.4('O .0•4 .004 .367 .006. .	 3
t, v 00-0 .044 .006 .293 404 2i
?U Ovi U.-O 046, vvq .331 :646' 
-660 004) 400 Iv. .000
040 664 .2e3 000
Z 4 0 --r-r.1-------2:: psi
90 J	 P 0'64 .040 .600 . .^4: .000 14;
006
I .I1- V--V v03v
CE­ P4.ME	 09
	
Doi
	
0'
w
Vii' 6t. .404	 Ok-t- 60 k. 004 00i,
. IS - -- -I C- 4 - ----7.-*4
OO 000 .040	 .040 000 a C. 0 600
.600 to#	 .0n4 06(• .0,10 0u0
Goo 6(1	 .644 az-u 0i .400
.000
ell 000 64C .O04 .004 A40
low	 Ora it, T--.verl-
644
	 .0v0 004 .400 0"0
044	 4104 004 .4J4 4 U G
wvv	 611 ki V4
-40-
Table 8 continued
!iLLTPwL St" Illirlfv ""
_CEII NAME
-
- .^^_ -----^•y _ __r
><lu -_ -	 1.3	 - _-X1
V	 1.	 (MIIF.NN1
-	 -•	 - -----,Oi.. -	
.0 6 -us- ----1:» -'^-1407 '-- 7004--__.. 12-----••^
•• .AG: .ion .t:1 .04 .U2 AC•0
! i 0( f 172 F+f 1a 1t Oi•t. Jaa
----^ 
_ _.._:S: . ,_^ _ 0r( .
_._ - --,046 __'---1SS_" -'_ -t^•--- ai0----:060------:i1J	 --
ia do 4r0 .20T .:i i2= .610 .4:3
^f 0;.( .600 .;413 .453 .*so .6i0 .44^O.4.-
-.a1•u	 --	 '--:.o"--74W'-- -. 4 t7
-_
OOY !:i•
is 6400 .466 •i:' .530 .S3.1 .004 !4i
.10 004 .0.6 :'i S^• t'1 iYO !^'
--- -	 - :^f' _3ai._.._ -.oY)-- :at .-i.^__ •--»-ES?.._._».^00'
r__	
.. _,.._
:i1i
.S. 000 a40 .113 .s'ti its
.09 066_ 01r0 .224 71^ 76' M .4133i t` - -» _.00.0 _ __. ..747- . 
y-
1 t ^
_._ .¢.- 7777•
9 IT
Table Q
FlS15t1v1T	 A..; Ii.LUM l nA TEI- CA-A ACIE616TICS
N(MC.
•^i
CELL NMI*[ 1 10 !	 - - t:
•	 wc[.	 •CMS a 0 	 u •.000 . a 0;,0
Tw:.b, (C)'' 045 OIS Oa5 .4+5
O RNOk ONM-CM • 000 . 00: tea 061
-'	 A D 9-60R(01(MN -	 OG: 41.635 56 916 54 304
AMO VOC (Mv) .0;' 5x7.000 U7 004 So' OJT
A "1 0 16C (M6) 00, 131.00( 12 2 000 12! 000
A " : VMP	 (M••) 000 a-2
	 Doc 492 000	 - 493 000
4"': IMP (Ma) .000 119.000 f0. 4)0G I16 000
A", I; lll
	
FCTP .000 .73( 713 793
APC E FF IC1ENCh' .00C .104 .044	 - t0+
Art V(•:	 (Mv) M) SPe	 00C .0100 5?5 000
AMI ISC
	
(Rio) •a„o 114.000 .4000 107.000
601 1 VMF (MY) .000 176.000 .000 497 040
A ll I I1'► 	 (MA • .000 164.000 .000 101. 000
A •-t FILL	 FCTR 000 .701 000 .796
-"	 :.r• E 9 FICIEIICV OCO .119 .000 ` --- --.125
AMI EFF/AMC, EFF .000 1.151 .000 1.167
bMEN OPOICEN OACr ETCN 0 0 0
13 14 1!	 -
• 00., 4 OCO 4 ('00
u.S .O4c 046
0.2 .003 .062
Se 9 1 6 54 394 30 916
SOS 000 59' 000 594 000
13C o0C 135 000 131 000
400 000 495 000 .91 000
120.000 125 00C I 
I 
P 000
.757 .76e 73:
. 106 1 14 105
	 -- -'
SO: 00( 599 00C 593 000
109 Ou0 IIC.000 11G to 0
4a6 000 496 (•00 451.000
102.000 109 000 101 000
761 .763 .76C
124 .136 124
1.164 1.197 1.177
0 0
-41-
Table 9 continued
RESISTIVITY AND ILLUMINATED CNARMCIERIlTIC%
NFMO2
-__	
CELL	 NAME -2 3 4	 - 5	 ..--_
-_.`. _ _ _	 .-	 2	
_._.. 0 .-- .
A t E& iCM:> 4.000 4 000 1.000 4.000 4.000 4.000 4.000
TMIck	 (CM) .040 .645 .045 .04% .04S .045 .046
0.D ►NG:ONM-CM) 6e3 .062 Gel 002 .Del .002 .093
A.O.R-$OR(ONM) $9 3.9 61.635 60 7.9 58.916 59.0.2 SO 4(3 59 at 
AMO vuC
	
(MV, 5S3 004 .000 565.000 .000 Goo 509	 000 562.000
&110
	 1St	 (MA) 140.04o 000 131.Oou 044 .000 132.000 1321.Oc'
vertu	 V11F	 (11v) 475 woJ GOO 471 044 Ou0 6J6 496.440 477.000
Ar6 IMF (MA) 116.900 u00 160.000 .0(.4 Out) 111x.000 91.000
AMC• FILL
	
FCTR
.664 .040 .651 .000 .000 .744 .609
Ar0 EFFICIENCY -.162 040 .092 .600 .000 .107 066
Grt	 V4C	 (mv) 000 .000 Vo .000 .000 569	 000 0u6
6 111	 ISC	 (M:4) GOO .000 .000 .000 000 113.000 .01,6
An y 	VMF	 ( fly ) .606 .000 GOO 000 000 491.000 .000
64 	111.0	 (MA) .000 .000 .(000 DOG 0u0 let). 040 Our
6M1	 FILL FCTC oco 06(I 040 .000 coy 730 .000
61N 1	 EFFICIEN:Y 000 .060 .000 .000	 - .000 .123 .00O
As1	 EFF/AM:, EFF OOu .0co .000 .000 OJO 1.149 .006
Y,/EN BRO)EN UNLOACIING' EDGE ETCH-) EDGE	 ETCH-) NO RECORD' 0 G 0
---	 CELL NAMC 9 - x1	 --- T(2 '_ X3 M4 'XIS	 -' xE	 --^'-
A"Fi. (Cm: - 4 00.) /.000 4.000 4.004 1.000 4.000 4.000
TMICA	 (CM) W•. .u:3 .0.3 G:3 0:3 .0:3 '3
6	 L,. AND, ONM-CM) C63 .000 coo DOG 040 .000 .000
'-	 40.0.0-SA.RZONM) SE 101E 6t.16: 5!.103 53.971 51.369 34 637 110. ?,1
A:'.6	 VGC	 (MV) 51!. 000 SC3 000 596 000 046	 000 404 000 40 0 0 604	 004
AM P	 IfC (M6) 13P 000 144 000 11^3 000 143.000 150.000 .006 153.000
AM,	 VMC- (W') 461 Goo 4 '0 000 4@2 000 441.044 40'.000 .000 4$1	 00:
An,	 IMF	 (M.) 126.06b 133 004 134. 00u 111	 604 129,000 01. r. 134	 66C-
W1 0 FILL FCTR .757 .7$4 .7uo E43 .653 004 .71:
"-	 wl i. EFFICIENCY -`- - .tGe 117	 - 119 -	 -.0540 -" - .116 -	 000 .122
6^I	 vOC	 (11%) .000 566.000 .0u0 .0:10 .000 .0(.0 .00u
A 	 ISC	 (r...) .060 124.060 .01: .000 .000 .0)6 ,060
A	 1	 V«F	 .M^) 066 465 040 .00.. 004 000 .000 .000
Ay 1	 Imp 	(r.) 04( II% OC o ooc coo 040 .460 Gco
A •II	 FILL	 FC!k .01^0 ?11 .064 .006 .O4u •Gu0 .004
-	
AMI	 EFFICIEK V - 00C 142 --- 000 --'".Doc	 - 000 --- ' - .000 "-' '.000' "-
AC:	 EFF SAM(, E F F 6u4 1.c12 Out) 044 000 ou0 .000
1LCN BF.O,cEt. 0 0 0 0 0 MOT	 STAE..E 0
CELL ki6 m E -	 k1	 - x40 -- - -	 ---	 -
w t E:.	 . Cn: , 4 000 4 000
Tm!	 ( Cr - 0.'3 0:3
I, 	6. comm- C 11 Oct 060
- -	 A	 c- eOR,Cmm 49 946 49.0::
..	 .,C
	
(rv w 5Z45 000 59!.000
I4e 04.; 15C 066
.- t 	 .My) 4132 0Ci' 464.440
w^.	 I r.t	 ( r.. , 136 000 109 600
A`;	 FILL
	
FCTR .779 .3101
w M C EFFICIENCY ti? -- - .097 -
Am1	 VC•C
	
(M% . 50.0u0 .000
Art	 ISC	 (M.) 123.006 000
A M '	 VMF	 (rv, . 46> o4c . 004 ^ -
AMI	 IMF	 (M.) 116 0Cf 064
Ant	 FILL	 FCTL .lie .000
Ant	 EFFICIENC\' .142 _ .000 ----- ------ --- ------..__. _.
AMI	 EFF/A M L EFF 1.154 .DOG
wNEI• BIOKEN Co 0
-42-
Table	 10
Vi CTROL aEN61T1VITY
-.^.	 CELL NAME  ,..... t o 11_. 12	 ..._^ ..	 13 -- *'--_ 14 17
W	 L	 (MICIt Old 1
.41 .179 .116 .101 049 .141 .105 .104
.4S .7+f .2'7 .256 iSl .2L7 W .26t
-^	 - '- - -	 .5G '-	 3fS 364 3S5 367 .371 3!1 .172
•	 .3S .•S1 .414 ,391 .420 .4:! .431 .416
.60 .4i0 .446 .409 .4J4 .45e .467 .447
.	 .i`
_	
..	 .4iS .470 .414 .471	 ..."'- .419 .4S0 .45:
,74 .547 .495 .406 .416 .479 .5cl .450
.75 S73 .3?6 .413 Su: .492 .53: .460
-	 110	 -_ -'_	 ".N/'" - S3S -	 391	 "__ .L.3 497	 ---- .370	 _` 466 -- -
.65 .522 .466 .351 .494 .465 552 439
.94 .611i .467 .2r3 .4:0 .3109 .506 .30_
-	 95 .!110 .31i6 .203 343 .309 .454 .316
1.05 .210 .147 .634 .045 .461 .139 ui3
CELL
	
NA'+a 2 3 -	 •	 - -	 S -	 - 6 7 B
Y.L.	 ^r.3CFGNi
.41 1:1 .166 .1?1 .104 ,135 .134 .tea
.4 -` .:o-4 .315 .293 .714 .:f4 .290 .7:1
_	 5c J44 .7100 .393	 -- .363 .363 .368 .797
.55 .447 .4:4 .434 .4.4 4:6 .473 .443
.60 .5vv 454 .464 .4.3 4-7 .466 .47i
.65 S:t .451 .469 .411 .4(2 .473 .4EE
.7i, C37 .430 .4i3 .4100 .46S .491 .5:0
.75 S7t .463 .415 W .4s: .514 .54`
---	 -	 .60 .394 - .466 .497 31? .SO( .73E .564
is 000 .466 .4S£ 46 .465 .314 .Sr4
.460 .414 4^ .46E .4c' .5._
.95 5.' 3E1 .33: 4;- 39:' .416 .4`-0
1.OS 14' 1Gi Ids .141 .141 .174
-	 CELL ManE
	 - - - 9 X1 x: x7 x. 45 x6
W.L.
	
4MI:AON)
.41 .11: .116 .1:. 1 I .141 .00J
.4! .274 .27e 273 :t9 coo
.S. --"	 .34 = .3106 - -	 .39+ 34f- .395 .000 .39:
.SS 44C ,430 .440 .453 .459 .O4u 461
.64 .479 .4104 .477 .466 .5C+ .000 SC3
.65 .410' .512 .5+4 .5+3	 _ - .5::	 _ 000 S:9
.7,.
.5:: .343 .543 .94i .5e6 .000 .564
.5!6 .Sit .567 Si4 .6?0 OOti .6.11
.623 - -- .tt1 - .i22	 ---- .656	 -- coo 652
BS it: .647 .640 .64: .66S .000 .70+
9i .6GS .6T0 .i" .66t .77? .000 .792
9! .367 .642 --	 •66' 6i4 .611 .000 .61E
1	 OS .24? .2511 .293 .23: .405 0t 4 .414
CELL
	
MA •'E --^ lt7 we
Y L
	
(MICEGN)
.41 .120 .1-e
.45 27i .314_
.SO -	 .34P .400 - -
.5. 453 .4c'
.60 .46,6 .467
•65 S17 .5:5
.70 SS: .5>4
.7!
.35+ .6716
.65 .640 .6910
.91 .675 .6+3
f! .646 6:4
1.05 .254 .405
-43-
Table 11
RESISTIVITY AND ILLUMINATED CkmPAC TE011611C0
CELL NAME	 -- Al	 A2	 A7 --»_ A4	 .-	 01	 02	 _.- O3
A & CA 4C11})	 4 004	 4.006	 4 000	 4 4C• 0	 4 000	 4 000)	 4 400
T41CK (CM)	 .(P:4	 .044	 .013	 .044	 .044	 .446	 .0;4
41 .0 RN0 004r.-C14) 	 I coo	 of; 0	 of I	 . art	 of 1	 . 063
	
. 661
A 0.F-60A,0N04)	 4..401	 42.601	 ?9 4:D	 40.779	 42 140 "'_ .. 43.507	 61.694
AKO VOt (hv)	 Sol .coo
	 S9:•000	 6(6 0:0	 .600	 350 C P O	 462.OJ0
	 5+F.000
AM4 ISC ("A)	 110.000
	 No 000	 137 000	 .cu0	 123.000	 130 040
	 13. OCO
AMO Y ►1F (Mv)	 466.600	 SVI.000	 507.600	 006	 464 660	 246 0(-0	 4741.006
AMO IMF (M4)	 $6.000	 1:1.000	 121.000	 004	 117.000	 10D .coo	 123 000
44v FILL F CTR	 .653
	 .712
	 .700
	
uco	 .7104	 .44e	 746
(.n0 EFFICIENCY ` -"'	 0417
	
.112	 121	 .000 "'	 1C7	 .649	 Ito
Attl VOC (MV)	 Olio	 .000	 605.600	 SOO	 .000	 Cie	 066
AM1 16: (IIA)	 OOv	 .000
	
121 40,10	 .000	 OOJ
	 COO	 .040
AM  Vt1F (Mv)
	 000
	
.00O	 309 coo	 .004
	 Ov0	 000
	 .000
Aftt IMP (MA)	 .000	 .004	 117 000	 .000	 .000	 .CVO	 .00C
AMI FILL FETID	 006
	 .040	 .7466	 .060	 .00(,	 4v0	 .OVv
-'- '	 A-1 EFFICIENCY	 -"	 coo	 OOC	 .144	 .00^	 - _. GOO 	 000	 .000
wnt EF ►'/A ►to EFF	 Ov0
	 .Doc	 1.190	 .coo	 .000	 .066
	 .000
UNEn ePOREN
	 0	 0	 0	 6CRI61NG	 0	 0	 0
CELL NN-E	 64	 C,	 C2	 C1	 "-^CI
oi l-EA (Cl!:)	 4 r	 4.000	 4 n 00	 4 000	 4 000	 4.000	 4 0 0 0	 -
TwJ: ►. (in)	 .043	 :43	 .044	 .44	 (^?	 L4_-
i D FNC 0 .414-CM) -
	O7f	 0^19	 040	 060	 05 	 079
A C 11 1
-60R, GMM/	 43	 71.420	 1, 4 :e	 40.7cC	 4' 694	 41.241	 4! t:f 1 -- -^'
u'. YOE .Pov)	 Sr? .	 5 ►5.000	 • VJO	 600.0,,	 5-' cov	 000	 60C 00(-
A l l^ 16C (r.n)	 111...	 133.000	 13: C00	 171.000	 124.4040	 000	 133.o00
A140 vMi (M:',	 4.62.C.
	 404 oco	 100 Cot , 	50C.000	 411 oco	 .000	 St? Coe
nA •	 Ir	 (M...
	 lal.f	 117.000	 IDS. coo
	 Ill 0(,	 110 400	 .4000	 1:5 006
N", FILL FCTR	 .7c	 716
	 501	 77(	 .775	 .646	 . 7 41t
IFS; IC I I I I: Y
	
1 1 ;	 105	 - . WS
	
11:	 100	 Doc	 . 116
w	 vim; ct	 5i; r.	 .11;	 000	 59i O,C	 c 	 000	 5?i 006
r • "	 ^^	 114 (	 6„	 .coo	 01,,	 .Duo	 IIe.6,`0
f.." VI: (M,r)	 44! i
	 V.	 000	 SG1.Oi,	 4C:	 01.0	 6C: v L C
A"1 1 19 (M..)	 105 O0v	 .00i	 .Ovo	 104.0((	 .coo	 .40V 	 147 000
/.t'1 FILL FCTC	 .776	 .0CC	 . Do.;	 .7t 3
	
000	 . 004	 .774
A•	 Err :c1E 1.:^	 .130	 .000	 000	 .130	 "-	 000	 .0.0	 .134
A • • EFF
	
EFF
	
. 161
	 .006	 .000	 t 165
	
. OOV	 . OG4	 1 1.Z.:
WHEN 60U1,E1•	 0	 0	 0	 0	 0	 6461+ ETC.M 0
CC:L NAM E	 -	 03	 04	 E1	 "- Ea	 E3	 E4	 F1
A P C.. (Cr_	 4 CC`	 4 C O	 4 004	 4 coc	 4. coo	 - 4.000	 4 000 -"-'
T.(ICO 4C1'1
	 441	 04%	 W ?	 C44	 .044	 043	 043
6.D.DN0,c1NH-CM)	 063
	
6c2
	
.137	 14,	 141	 117	 106
A.D.R - fGR(OHM.	 41 6; .;	 4( ;:6	 51 66 1  " - 49 ?99	 30.75°	 4E 039	 __49 C39
A"0 VLC (Mv)	 SEi C•C'	 51e CVO	 453 003	 $49 0v0	 497 OCO	 S:. % v 11	 •000
A"6 IBC (MA 1 	tab k .	 120 COO	 11C DOC	 1t* oc0	 12; 000	 1t, 000	 .006
A-S VMF (hv.	 4114 000	 47L OC4	 21: COO	 413 0c: - 710 Coe	 U_ o60	 OOJ
A! 1 0 111F <1146)	 110 000
	
11: 000
	 100 000	 107.OV,	 00 400E	 76.400	 Doc
AMC FILL FCTR	 .707	 769	 .412	 .751	 .464	 .52t	 006
A"0 ErFICIENCv	 -016 -"	 098 " "- .C50	 .064	 "- 05:	 - .056	 000 -'--
Ar1 VOC (11V>	 040	 .coo	 .coo	 5*7 DOC	 .Doc	 .000	 .000
Ar t ILC (hA)	 060	 .000	 .000	 104.00	 .000	 .000	 .V-0
:.M1 VP.P	
_	
.060 	 064	 000"- 463.004 '- - " .600 "^- .000	 000 " "-
AMl IMP (11:.)	 .000	 c60	 .000	 94.000	 OVc	 .000	 .000
AMI FILL FCTO	 00(,	 Coe	 .000	 M.	 DOC	 .000
	 .000
AMI EFFICIENCY	 - CDC	 - .Coe	 .000--'-.101 ----000	 -'.000 "'-'-.000
AmI EFFiAni EF:
	
.0::	 .000	 .000
	
1.163
	 .000	 .0,10	 CDC
WHEN BROKEN	 DROPPED	 0	 0	 0	 0	 ORJFPEO	 SCRIBING
-44-
Table 11 continued
R(s16TIVITY AMC,
	
ILLUMINATED CMARACTEAIE11C0
''• CELL NAME _» - F2 F3 i1 111	 "'» 1t2 -	 Iti M/	 •^-
A&EA 4CM2> 1.040 4	 000 4	 040 /.coo 1.000 +	 000 / 000
TRICK (CN) 017 OGO 000 .0:3 G:3 .G:3 0:..
L PNO( ONM - [N ) 01•6 040 000 ovo 000 000 000
--'	 A vA -OOR.ONM) 1. 3!9 oco .000 45	 777 46 664 46 1 1 2 111.212
Ap L vOC (MV) 555
	
OOG Sa0.Or0 .000 577.000 501.000 Sb3	 C , 00 11111I Ou0
06 1• v	 I6C	 (MA) 114	 0v( 1} 4 	 coo 600 179	 Goo 110 000 139	 6..0 171.000
An0 vMP (NV) 4i1	 000 153. 04 0 OOC	 - /:6	 0(C 4C: 600 176	 000 403 0(0
Ae4 I 11 (MA) 05	 Or. 914.060 .060 t23	 006 131 000 132040 127.40(.
ANO F ILL FCTR 504 .630 Cleo .715 .771 .779 .70'
Ake iiFICIENCY 640
	 - -`	 06. "-	 000	 "' .106 it? 117 -	 ^'•110
A1111	 vOr.	 (Mv) 000 947 000 .000 .000 Sit 400 .000 .00C
f1AI1	 16C	 (Fiw) 000 1O4.0o4 .0u0 .001+ 1	 ^ I 001L, 040 W
'	 Mtt YMD (NV) 01. 117.000 .000 -	 04^ 105.000 4066 0 C C
AMI	 Iri	 (MA) r.. 05.000 000 .060 111.000 .000 .001.
Art	 FILL
	
FCTF . 615 400 .000 .766 000 .000
p"' (" ICIEMCY 400 .095 000 Doc 115 _	 000 .000
"MI	 E F F. 14110 [FF .000 1.154 .000 OGO 1.154 .060 .404
6"iN •RCKEN G 0 6CFIRINy (, 0 C,FOFF(C, 0
CELL NmMC  tS XL  Y7 -: - N1
n: E. 4Cr: -	 4	 ^'. 1.400 4	 0(10
TNIC1.	 .C'1. (.- -Gj3 I n:7
0	 (	 FN6, C- P•-CT' ) cop .600 000
a	 C	 c-;	 ). pwM) - 43 900 4:442 -	 1: 661 49 -	 -	 •--^_.. _.__
5e`	 4:c SE: .06O 5f4	 0(o 53'
• ti	 . 1 4	 v40 13C
	 .00 17-
^^^ ^'. ILl.Oir •iS	 iii 3sc
A'(v
	
iHF	 .1. 1'_	 r, 114,044 131.00; 't
AT!;.	 FILL	 F. .7EC( F FICIFr,. -_	 1! 110 tt.	 .__ e4i r^^.^^ --	 _•^^^._- ^_.»^^
p	 ^,:	 (^. ( S6: 444 534	 600 Ot
1R "1!	 1;"	 tr Ce. 1:2
	
000 11f	 000 0V:
AMI	 vrF .r. 4u4 46!.0(-0 461W 4	
__
v1 .O:i "`^'--^" -- -	 - -•	 -
A 11	 I 113	 006 112.600 .0...
AMt	 FILL	 F:T. O4o .772 ,766 .0k,6M1	 EFFICIEN. -	 C0: .13• ---.137 - cc,
MI
	
EFFiw • :.	 E •( r.. 1.163 1.166 .0.^
u•_N 6rJnEh 0 G 0 O
Table 12
SDECTI-. 6ENSI7I'•IIN
M( fl. C3-I	 ` -	 - .	 • -- • . -	 - -	 ..	 --
.41 .106 .117 .135 .0u0 .134 .135 .13!
.I! .260 .274 .304 .O:C .364 .305 304
s0 .3e1	 - .3:: /•7 cc 0 .IC' 4.0 .413
S! 41. .134 1•' GOY 13' Iec 1!i
.64 44, /s: N : uOu .171 •.C: .•ia
6! 4!• .1:4 .514 .00i .171 !1; !11
74 ISs .117 S:+ 400 .ISi t., 5:0
7C 17? 5:i Se' 043 .14;6 .154
.0D	 -_ S^v 541 5  _-:OOO _	 - .171 !09 -_-_ _.611 ---
.6S .I63 S!5 S'+ 000 .125 .541 .Sr1
ti6 443-1 .511 5 .066 .3!! 19_ .5709!	 - 3i1 .10' S!: .:OOD --	 :7: /c: .513
1.65 .124 .165 .20. .060 O7i 125 t09
-45-
Table 12 continued
C 3ECTRAL SENSITIVITY
K"03-1
CELL NAM[ 74 -- -
	 el '- 'y 	 C2 Cl '--- C4 `-	 DI  D2
Y L.	 C111CAGN /
.4t
.127 .142 .1s4; .121 .130 .600 .140
.45 346 .310 ?97 .266 .313 .OJu 712
41S .417 "- -	 .i91 - . -_ 36 13 .406 _ -' .000 .420
b: .4i2 .4Sf .43i .125 .43i .000 .4i7
st1 .111 .4f1 .46' .45k. .4a2 OJ4 .500
.65 .$Of .440 -	 . 4:1 4, .407 .17J Coe .517
.70 .6IS .111' .4e; .451- .45: 000 .531
.^ .501 S1! .163 467 .461 OJ4 .5c3
.SE? -	 .567 "'	 .us -.515	 - -.111 -." .600	 .600
.1f .5+0 .536 .951 •147 .4i3 .600 .507
.00 .sir/ .472 .434 .431 .374 0JO .5*1
_-. ..	 .. _.	
95  .410 ...	 ._	 .4.4 _. .30:	 .. 341	 -- . 3 :3 606 .461	 --
1.05 .1:5 t7l 1 :7 .1:1 .09: Coe .1i3
--	 CELL N-'1E D3 D4 -	 E1 E: E3 E4 rt
Y.L.	 <rlt6:« ►
.113 .111 .11, .000 .000
.4! Ov, .3,r• .:6 .27i .tat .OJO .00u
"-	 .50	 "`- 000 .4 i•4 4 40 _ -'	 7!! .3E8 .000 .000
S: 4i•G 4!> .454 .4:- .434 uGk 6J0
.6^ .Ou6 .4l1 .4sE .447 .4c' .G^^ .00J
f! 000 44 .45.E i47 ^' G4J 0'•J
7^ 04C .4:e 46i .44t .4e! COO Ou0
7! W o .4." SO 132 .4% 6GC OG6
-- -----	 6. .060 -	 .113 523-'- - .117	 - _ .41el coo _	 0 G o
0! .(40
.374 .106 .406 .433 GVV Got
.06v .34? .39s .327 •331 .00 .000
+- 640 .iii 3C4 .241- .2f9 Coo 000
1.0! 006 Im1 064 04: .073 GVo OvG
CELL Nd.ME
	 - r2 r, r4 -.--XI"-' _ V: -	 x7 k4
W . cMICSON>
.134 .GOC .ti:
^: i4 's 'sac .OJ(• 291 .:%, .00: a`
-- S0 --- .362 JG6 '.000 --- .4t[ .4s1 - '	 .000 .391	 _
.5! .41! .44! W .476 .477 .006 .444
.40 .4E3 .440 .00u .515 .$If .GCC 4 E
.6! .47a IC6 -.60C .546'-- ° .543 -	 .00O .COC
7C .184 .J. OC J 568 .5t4 OCR ! 1	 1
.75 .!'f 5!i GOV .616 .616 GG(' .5'_-
- -^- - -- 1,1
.334 -	 .606 .000 - --.6! 1 -"-_.663 000 SEi	 --^
506 .000 .6a' 67E 0fj4 •S-a
4 44S .60. 00#, .ai' .697 .(PGC .5d1
i! .4:1 .400 .00^ .i4i .655
_	
.606 .53:
1	 0! .143 .101) .OJG .257 .266 .00Y . 1 6!
CE.L 144"r k! k6 117	 -- N6
Y.L.	 (!'1IC11c+N>
.41 .134 .135 t7: .:53
.45 .3u9 340:. .3J0 .i9i
_. -.	
.50	 -- .420 -	 .417 ---.412	 - _.-.445 -__-_..._._-_---._-- _ -• .^
55 4'3 .474 .46, .411
.6(' S:4 .511 .45• .51a.
.70 .l:r Sic .544 .612
7C .54, .608 .591! .646
.618 6!1 .61! 1 6i! ---' - - --- -
.i! 64u .662 43y .6i7
90 440 .669 .640 .76+
4! .50: .63e ".C11 .- _.6`C
1	 OS 229 -25d .23: 7C:
-46-
Table 13
^^ ^ 4[•I^tivitr tr.•t •	ILwnlNrl[0 01...Rrt:1[4 /^tIN
M[ 11y •
►.c E r (C MS) 0.000 x.404 0.040 0.444 x.000 ^.f0• 4.004
iw1C ► .	 ^Cn)
_
^-	 4:S 423______-f2S
_
_____.___t:s __76:5 0:^
i 4. 6 1►Y'Ywn-Cn> O.0 .04o 4uV 400 .440 .6G0 •Ouo
w (' I-^tiF. YMn0 0• •!• 01.7i1 to. ":% 4t 6 1+2 00 65: 01.63: .00V
ant , 	 VC'C	 4 MV I	 r-, but . (00u t 41 . 000 - •16.640 10. 040"- --- .Got - 64., • 604 so$- a) o 	 -'-^-'
min  IS•' (nr) 1:0.004 1:5.000 122 Ova 124.1,U0 .000 124.440 124.000
AM$ 1MI^ (nv) 901.OL•u SI.	 OOY JRV bud •000 sIS	 440 $11.000
wn6
	
In► 	 .11•.) 1f1 7 4v 11•. to J +-	 64 ') -	 -.440 44 112 OUO	 Y rI`. 640
AM  FILL FOR 76 747 .OJO 040 .400 .716 .7.4
Am# [FFICIENCY 11: .111 .400 Ova .OJO .111 .101
0M1	 VuC	 (M. 1 sib 40o 111.000 .040 .000 .000 s11. O40 so?. 40C
11111	 I4C	 (Aw) 116.0.10 10?. 444 •004 .0.)4 .000 116 400 110.000
,1 111	 vnr	 4mv) 511.400 117.404 .000 .40u OJJ S)S	 444 stl•Sag
A►11 * I1:► 	 t ►Iw 1-	 - ^IY2. OVV _ f• Y;0 -^•-- X000-- ^'-.D06 •^4Y- - IY6	 6('0 -_`1. O6 4--
660 1	94L FCTC 702 7i1 .404 .440 .040 Iii .774
A♦. t	 EFFICtEr.:+ 174 1.% 060 .0-'J .000 1:1 124
M ►11 - (rF:'rny Err - --1.1:• -	 1 .14s -	 .606 .646 ~_--. 444 1 . 142
-- - -	 - -	 - -• LNJ ► TV , -- 604"1EL -_-CN11 / E6	 Pw ^- --
►►):Er (Cn2) 0.440 4.040 4.0u0 O	 600 4.000 0 044 0.404
-Y»1Cw` ^iZrM i '6.115., -- - 0:S  L:S 3:5 --
^.L.111p; C)wn-Cn 1 .400 . 000 •04v at-0 .640 • vuu 40v
w t• . ► -{OR. 01«11 ^ ^:. sf / 01 .0:: 0/.6!2 ^/  )f• 0:. ^0^ OS . 7: 4 +i  J2•
.,r!V
	
vy C	 Inv) sit;400 3:7.044
_
661.644
_
-i6t:06; 565 000
__
S01 044	 -g ot 040	 - -`
ISC (r.•> 1::	 000 1:0.000 1:0	 000 1:0.040 1:7.Ooo 1:4	 000 120 040
\n►
 C"V/ 4i: ' 040A 06^•.000 s01.uUY /61 . 004 04. Ob0 017.464
^-	 ••	 11•^ .nr ► ^-- 11;• 	4. --- 1 JI. OVO
_ SOY_UOw
-T24 VuV -124.406 -711 4V 
_
Y --147 444-- TIV VYV
FCTI 79" ?:t .704 .710 750 .701 7+e
1ENCY 147 .•14; 111 I1j 140_ I	 to lot_ r	
r'..
__^4'_0. V
___ 041 .444 s1i 044 00 404 Sr:. VOO 5?6.000	 -- 96i 000
106.604 1(`.044 110	 044 107.000 140.000 140.ova 107.Ou0
001, 4 .,.000 su1 VOV 44V _460.000 041.Ooo 406 000
--	 •-	 •• ^14. O VV V3.4VU- ---107 oY4 -'-`L ;V ;• I'Y; ^^-TIVY^- ^^Z1^V^
:.. .714 44 .7+' 7+6 .7.0
.-	 f .1:7 ,113 111 .440 117
-
.040 1	 170 l.14646 1 101 '-'-
_CE11	 r•wwE,
, 
_- 44 - - - 
17
--	 ^•- --^	
xt	
--
-	
x11 xl:	
-
013
OOJ + . OGJ 0	 00 •) 0	 V .)v 0	 000 0.000 0 040
_-^^___Tw. 
. r- ll 1 _- _^4•.L.r_
_ .. Vim
_
»	 4:S .0.i - -_^=ia 0:T
E	 Ln(	 j •a^^Cn l .40d V(' .044 Vt'4 OUV YVJ V,.
w	 ,	 G--'*	 y.1 •+, , 07.1?7 +o its •i :i% 0+ 6-7 45 771 46 . 45 1. .	 -	 -	 -
-^ - r	 1
_
 s9O.4V0
_
S6?	 0" Sii 404 ial , i'VV W oV4 60t .4.4 Sie 4'J
134. 444 II 	 •YVl' 130	 o11 •1 13•	 VVV 117	 VOY 13b.4uv tai to V 
so;	 )a +4: O0. YYO_SVO 302	 440 510.0Vo_ so* OOO_
---" r	 1ri .nrl^_ ^- Its Ov. 00	 044o
5_41.000
_
li•4')4 l2?.Til4^127 004- 127 0Vi
w'..	 rj.L	 FCTA . ?03 .543 .70e .744 .735 .776 .Iii
M •'1	 E rr IC IENCY IO? •446 .107 .111 .110 .117 11•
rM1	 VJ:	 .`;v. 5;'0.64J 41 460 367.004 sot 040 544	 000 Soo.-000 SS! 000 -
WII	 15:	 .nw/ III.00! 111.'A0 11:	 O0J 117.401 116 000 116. ova Ito 0J.
Ant	 VMi (MV) 017.000 .000 301.004 50.	 0) 300	 000 512.Gov S4i 004
Ant	 Ini 1 Nw 1 - -'- 17-J4; _	 -`--464 i1	 64u -	 TL	 i ci -- 1 0670;6
-_. l 0e -coo -- 1`05-moo-
Ant	 FILL F:76 .7:6 .044 .'•+: .7•: .7i.. .7i7
Ant	 EFFICIENCY 1:1 •000 124 136 170 .136 .134
"-	 apt  Err/Ani' [Fr r '1 .134 000 I	 i.. 171e1 1 .1`1 t	 .	 14; 1 . iS5	 -
--- - rptit. 64.} ► E1. -- -... - SocATEC. ...^ - ---- - - ------ -	 ---
-A 7-
Table 13 continued
	-_ •_^`-^.•^•^-•^	 !^/141.v11v wup ill unlrtn l[0 IHN Y MCI[RIISYIC^ •- •. -^-_^..r -.. 	 ._-^	 ^.
__«^_M^nC	 M1•	 1t2	 1t3	 v0	 x5 _^, M7	 K1
«GC« (CM:)	 4.000
	
• • QUO	 4 0 v v	 4 0400	 4. 460 _	 4. 400	 • 000
TMS^r. ICM r_^-.4^.	 _:Y:S- __	 YES	 -Y:s^!.Ois	 .4^5	 bi3 -
i I ^HU.O«M^^M)	 00V	 .400	 .000	 Ou0	 .400	 .444	 .000
w 6 -SuFtOtl+lt	 N .2:•	 '6.605	 46 V-V	 039	 •9.399	 50.7!•	 310
	
"^-Mrt vJi "^MV'r	 7 460	 S64.640	 541 .000' - "601.006	 599 000 -400.004	 403 000	 '-
«nP IfC 11+«t	 13♦ Yv0	 137.V00	 135.O0v	 11% Ov0	 17..000	 134.GvO	 136 000
Anti VII I , 1MV1	 $010ovQ_
	
- 12& . Ovo	 4d7.OJC	 _ S10 Ou0	 013 Ovv	 011.0vO	 Sol OOu
..MY - InF (h«o	 --Tip 6Yb
	
1!6.040	 727.000	 1:6.040 -- "125 444 --126.444 - - 117.404
«MY FILL FOR	 .769	 .79:	 .7.9	 . Tfr6	 .7a7	 .441	 .?*4
«n0 EsfIC1Uat	 .117	 .117	 .111	 .111	 IIi	 .119	 .120
^wMt_Vc-- tM ,/r	 !i; 400 - - 552.000 _ - 5f6 040	 541.040	 596:600	 547.000	 - 641 000
«Mt I&C (Mr)115 060	 1•Ir 0v0	 11•.000	 114.40•	 IIY.400	 IIS.OVO	 I1Y.OV0
AA1_vr ► (MV,	 507 r• vO 	 403 OVO _4 7.QJO	 512.400	 512.OuO	 512.000	 512.064
	
`Sant In.t 4M..0	
--iYY•4VV - III.O •i0	 1 ..OVO -- I4i 440
_ 
- 107.404	 147.646-""IO4. Z O—
«H1 FILL OCTO	 .7f5	 .747	 .770	 .764	 •712	 •796	 .601
«MI E r FICIEn:	 .134	 .137	 .1.•.136	 .137	 .137	 140
E1F	 1 1Si
	
- I.lot	 1.166	 -1 164 `- 1:154	 1.151	 1 I59
tlhEh 6i Ur. Eh
Table 14
«f. hu•
CE.L Ham [ 21 21 24 2! 2e 27
if0--""'1 i7 14L - --0171-^^irC --1tis-
.:S4 4641 .iYU .:57 .271 .^4•. •2Sa
!7•-. .374 T`. 30•. 3'- a 370 . 759
c, .N9 .4s0 .444 .4?1 .364 •4SY .446
e5 .477 .475 .+`: .411 •3-5 .473 .470
-^- `V --
_
017 -- x 176 - --- •472 0956 -'.3.i t5! J-7ni
7! . 5 +1 .524 Sul. .4i. 350 5:7 .51.1
Iv 5L3 5t.i .Sv7 .317 .54: .53`
--	 - " -	 4S - - - - .. 3 - 
- fi• -	 497	 - -- - W .252- - .553 -_.
"	
.`0140 - ---
. ► ^^ .`.^ 0506 .435 .41v .sit .5I• .46!
Os 453 345 .353 1 23 .463 .444
147 _	 .151 Oij ---N7-`_D?'-" - -i., - ---,s.
-48-
Table 14 continued
*y '`&~I. «E..mxvx,,
*u"04 _~____~~~~
CoLL 0404°1_	 41--_~41- 	 *S44'-----47------$1-------^^-
W.L. ^*:Cwww`
---
- 11,2-~~--- --'--w -'	 .	 IF 	 ------ o;z -  ----'
.*w .omr .z'm .255 .mw a°o u/u .mv
.n^' 344
_~	
_.nn4 ^m*^	
__
x"^ 335 .zs° 
.n^ .»)° .^^" _ _.v*w _.3oo ^^^w' ____ ^.3w --- _
.a^ .425 .*16 .«*, .4.11 .w*. wn* .^w°
.°*v.^s5 .www .*w .www .w°6 .*mr
.^" .476- ---.4-4.4' ^
	—460--'---7*iy'----. w6/ -----74p4'---- 44:
	
-----'
.rx .wiw .o'^ w/* .5.11 .mo .*w^
.m. on .n~"
-Sit .544
------------^ww--------^w^^ '	
'.544 .5*4' ---.332 ' ^mnw---~-.530 '--' -^wwn -----
' w* .n.z .5°4 .4v, .*ww .mnr
.105 .43.1 .^cn ..nw .41^ .w,^ .*o* .nu^ 
____150
	
'^^*^----^I^^-	 -- -_, y . ---^1wm--'-- ovc------
-------`--------------`----------~-----------
enu_w~'l
	 *^^r
	
ow
._	 M.40_	 Nis	 Ufa .__ X13____^___
----------^^---------^o^-----^:^-~---^v^ n-----^^^^-----^v^^---~----
°^ ^~: a°° ^^~ ^r^ .^oa .uw mmo
mw_
*yt --' ^*^~ —' -^:v. 5	 -----
.m^ .w+" .474 .°no
_
__^^______^°:^______*^/ .*y` .oL3 .w.r .wvo .*v*
.n* .°r^ ^^/o .f;_ ___-^n^^ ----^ws^ ---- 7.n^:-----.mcr-----~--
. pw .47: ..o .477 na .wz wmm .541
m"^ ^~^ .n'z y^y ^^^, ^60w w.,
ww °^^
_.
.~^ w"^ -76'.1 ^a^~ .614-- yor ' ----
.w^ ^.j .3.° .*+ .5-45 .*.x .m1ii .ma
mn______^so ^^~^ .w.' .5~i ^o*^ ^n'6
".ow__ .,,^ __._	 _.*rn __	 __-^x^--	 -^^^^'-----^x^r-- --72^6-----7.2.;-------
"^^
`	 «*
_ _x2	 ^^	 ^^__	 ______ 	 _"s	 ^ 
° ^ `".^wo~'
164_
-Zry ^^.- ^^ry ^^^" ^^^/ ^^^*	 .u*
^^/
*^^ '~~n '.*^r .*xn	 ^zo	 - --
.+^ ^r,; .^ro
.°	 m ^_______w^s---'n°t^—_s. y3~--^^—^:z
rc :sip .mi" i^: r7* 56^ .wr^	 .wn^
i" .^+° °^^ ~^° .a0n	 :a
ou
_ _ nr°---
ti°
.^n .664 .5*3 , .571 *5'
-----f-°s-
. rW---24r' --'7.2:Z-----2Jv----721 t7-^^
-49-
Table 15
"`•`	 ^	 _ -^ OEtIillviTY MN0•	 ILLU« lrl«T[L CN NR «CTEi1tTICt
_-- CELL NAME Al	 - N111 - -_ All ^- all w13 _- 02 y-
w^E« <tM:> •.OuV •	 000 4.600 •.Ovo •.040 4.400 4.000
-
----T«:Cv-(Cn	 - -- .6ii uiI - -- :661 _r-.Li1 - -	 601	 - :411 .Oil
L L.FNG.GNN •Ch) 3.321 3.3;9 3.011 7.3:9 3.3:9 3.3:9 3.3:9
M. V 0 -$Q&, G«r1) 4:•. )14 t I .44S 49 144 4f; -0;'- 97. 113 45 . 771 4i 2:4	
_-_--
««i'	 vu{	 (MVrt  Sit.004 sit .000 575 044 S77. 4(-V .664 576.040 50:.900
pr.V	 Ii;	 <t+64t 136 640 131 . 000 136	 600 144 . 000 .000 13i.0u0 141.000
Ismv	 rV) 4i1 .60u •tJ.Ovo •7e•00Y 476.Ok-6 coo  46:.040 480 ouo
-
-^ -M«u Inf (!iM)
	 -^- 13Y	 4YV 13Y.440 -111.440 ii^.j1^4 - _	 , 044 131 .000
_
135. 040
(1MV F ;LL FCU .79• .796 .'YO .742 .6YV .712 .790
MMO UFIC IE/.CY .11E .110 .lu: .111 .004 .117 .1:0	 ^-
-^	 06H1 -1 i'C	 CMV . 940.0:'0'-' 000 004 --`- .400 "-'.000 ' So 0. coo -502 000	 ----
1.11t	 ;:C
	
(M«1 1:4.0v0 0w0 0 4U 04v 400 125	 000 !27. coo
f1'71	 Vi,a	 . nv>'_ 491 .000  .Quo . u00 . OJ0 vuu *04 • 000 404 • 000
--M111 Im p	(11«I 116. 644
_	
_
. _OVV_
_
_	
zoo --	 -VVV^-
__
-	 • 004 111 . 0VV
_ 
--TZY YV4
Nnl	 FI.L	 FCTS- 752 .646 uvu Ovu tout 763 746
9-"1	 Ii IENCi_E r F .14: .duo u('4 (•1r')  .400 143 .14.
MMI	 EJF!NnC' EFL__ .-' - t	 :V` . owo . OOd _ --.	 .000 • 640 1 .224 1 .211
-7 - FES: -p--- ----p -	
^.
-__CELL N«NC
« p E uv 4.000 4	 uJ'i •,664 4	 440 4	 Ou0 4.4Cv-^
-T«SCr 1Cnr -^^ 491-- ---01 1---- 4if - - 7TIV :Yif-- -A01;I Got
1).L ON0.ON11•CH) 3.32* 3.3_9 3 329 1.7:9 3.329 3.329 3 343
« P.V-$00.004Mi 46 2:c /e 402 41 Su 75: 44	 399 45 773
-
..	 11'01	 - `-	 GG S'o	 u60 571.004 -30 00 S•.i	 000 572	 000 566	 000
- M. v0u 14.1.404 13.'.0')'1 175	 y ou 13a.0uv 131;	 006 103	 v00
r.1
.000 •li•4G4 477.004 460.4110 435.000 407.000 460 000
---664 IL2	 V4V liy	 4VV 1Y1:	 ^' -1 y4 V1 • V---TIC .Y64 TVt	 U
.00V .i:1 ..'e c+ •`e' •i!•1olo
iH	 r 000 u:3 .114 .1 084 104 090	 _►-
-
__;YOY -
~
YV'I :7s uuJ --- VVV - - .000 .006 .000
~
0 v .644 12)	 Y6•/ 60(' OC'u 444 400
,rv1 1,4. .644
-
479
	 Oz .) Oa0 _.00J
.LVJ^'
_	 .000
'v0('
400
-^10L
•	 .nrf 4u•'_ -600 ISS	 Y 4V 641•
.'	 FI.L
	
FCTP 004 .OvO .173 .04o .000 .4Vo •000
EFFICIEn:. 000
---
.0170 .131
- 1
v"'.
-_---6oi111.__-
00'
-.-_.604.._._•L6i
Ou0	 .0'ICOCC_-^^__.
.•	 [^F•r.•'.+
	
EFF- .000---- -.000 -_
,. _ • ei:'r,[N -[4ZF FTCn _^	 .__Z _-__-_ v _----L- --tj
^. v0v •.004 4 V4'I	 •.400 4.006 4.440-
4s1 --.-
	 VE1
__
L•. -UG(---: - :VOr Z%1--
6 c	 C, 3.715 3.343 )	 3+? 3 ?:5	 3 343 3	 343 7	 3+?
561.00v
_. •, -_-^1• 4:4.404 IS I O-A ---__. 5'+	 VVV .71	 VVV
t Ipl	 040 137.004 uvu	 I4V	 Vuv 13C	 0uC 136	 Vu.
400 . 17 44 .oi.v	 413.VV4 ♦?7. VV6 Alt	 L_.
- - _- yp-i -Y5. 4VV 12ir	 440 .VVV--TYS 0YV ^2. 11411 t.IV	 VLLti•.
FiTF `..'. 4Cc .76C Yv0	 540 .757 fill 
C-. L4? 116 Vv(•	 . 410 .	 111 fill
- --_
-	
.0: Sit	 000 -	 - 70i^	 '-' .TI C('	 _ - .000	 56  6rJ0
v,1u 1^4. i'	 a 0v('	 uvG 0i-0 124	 000
040__4i2 vJJ ui•0	 OJJ coo ^' >r.L0 0
- - _ w_.t Il	 r	 _. -	
-
- VV'^ "^-^66 11• VVV .-`-UVV	 . Z V	 a V Z 11 47;uv
F:..	 c - v:u 000 .77c 400	 .040 .6G0
.77^
EFF:::: i'4 .00)10 . 14V 60)(•	 .00v . 0C4
-
. 13 •`	- - -
-	
-
-' EFF,,. !'.664 7	 -	 :444 t .107 _-	 :440 -- --	 -000 - - .060 T.2t t
ViE1+ 6F ^--E r, 1	 - ---- G --- - ---- ^I LE -E7Cit-Zi ----
-v_- _^
-50-
Table 15 continued
"`-^^^•-7 • 	-1,[f1s11vITV "foc-	 I[LUkIto..TEo Cttw11dC1U110T1tf
-.- 
6e	 ^_ f7 _	 1t-• '--	 ^1 - - - _x1_1_..-_. K2_ .^`^^
-_	 -	
CELL NMME	
-
-- ^5 -'-
AF[q (CN2) 4.000 _ /.1040 1.	 00 1.000 1.000 x.440	 4.000
- 
---TMICi( 4Chrl--7- Yr i .011 061
1.0 ►HO.OhN-Ck) 3 343 3.343 3 7:1 3.3:9 3.3:9 .000	
.004
45 3:0	 40 226
A.D.It - SOP , ChN ►
""-pM4 - vC • C (kv1
4i.49:
-3••7.440
46.946
_-571.000'" -
4% 2:c
462 000
501759
5'9:408
$3. 4:4
574.000 54:	 006	 510.000 -
-
AN0 I4{ (MA) 1?!	 uu4 139.000 131	 O . -J 139.uuv 130.00u 135.OJu	 136.000
«wa WIT (MV)_
-^^
_•3:•00v_  _173.1004
-- 1 1f 000
2\i	 000	 •0u.000	 •#1.1000
75
0\•7.0100	 $02.000
I.i, 000	 71"4;MM4 I" ► <MM)
A114 FILL FCTR
1.4
	
0VY
•700 .703 414 .775 .7i•V 010	 .716
ASP EFFICIENCYj__-
_
--Nrl
11:
-><-4'0.1(. t	 _03"'	 VuV .01'uJ4
.IIS	 11e
'f70^000----S'i OYY
1:1
	
-_1106
Sr:	 040 "`	 000.vv:	 . NJ
«NI	 Ii•C	 \M« ► 121.4u0 .000 1001) 125.040 124.0vv I.1)	 JJ0	 .OJO
A"'1	 ' • N p	 (Nv ►
--~-
43 C'	 ('40 _ _1010
--	 --
.(tV0	 173.04.0_
- - -000-^f^•0VY
/06.040
'11S"Y4e
Sui.000	 000
-^1t1 -Y3d^^-1010
« •• 1 	 INF (m.i-
w^I	 F1 ► L	 FCTF
113
	
7010
"3
VYY
.O.v .04) .761 .7fi3 f1):	 .044
_	 A",	 E F FICIEN:: 13c 00.? 400
.040
.134
----1 20S'
110
I^.OS^-
143
	 -_	
OJJ
l.11r4	 _ 004	 _--^EF.;'-	 Err I.iYO uu4
Yi.C►?7T^wE« y p --
L	
---0- -0	 -p--
CELL NrHC-- - «..  :^ 	 _. >r5
ke
^:`	 ..- _... %?.
wk E.. (CM: ► 	4.040 1.045 4.000	 1.040	 1.406•
/.400
6,(	 Okm-Ck. 4vi• Oi i Y4V OV4f.	 -41,,
440
4. sLi
404
"y
_5V	
_..
«. D	 JMM! 4i. cC sY.75i.
'Si.. OOu
46.4	 _
EiJ.OuJ - ?st	 Vi , 50?.404 •1000
^_- F • 1) 'di g 	 \MV)
150 (k« ►«'v
5.,	 Vii
1a v 135.044 145	 4vi 114.10• 145.ir0v .Oiry
1/;iF__(MV)	 SCI .vwkl
- .- ts7.w
SV4.4Y0	 4i+4	 4VV
16!.040 --^ 137	 Vv .,
_ 3V4. Y.
-7 ,0 	 J.
436.4106-
-13?7 (0 UZ
^ •4100
 
•OVYIt,r	 (n.r
omv	 F1^.L	 F:TF .753 .700 .7e4 .001
.7e1 .040
py i .	 EFFI^IEuiv
----
.11:
--
.116
.	 . .040
.tai
.1)4 -	 -_	
.116
-:41-0
.1::
5i1.Jv
-	 .440
.9104
«•	 t	 N	 r
«nl	 IS:	 \r..1
Yt'
.4\". 000 OJJ 4u0 t:o•YY. YYJ
•Jvv .0100 .OVU V4y /115.OJu .1040p•11 	 V'IF'	 ..:.
^_\n.., -04! -'- - 040-- 00t .101;:• T;Z__V" -"^t0^11-
.44u •00u .4V\• .7e3 uVv«rl	 FILL	 FCTF .000
.004 .uuJ .044 .46:.Am 	 EF F :	 C'i
---- «!I t' Err „r. Z. EFF - ----G4u :OOJ-_ JJb-
,0^
--T'.19: OOO
1.^R^GIN
 ^' Y AIiF ^
1^ 
y^ 
M ^K ^^• aL^
Tv•le 16 •101t►lm.e4
v^fA_ -a1
_^f__
+^f
_•f- -
M -
- •1--
.01 volt$ 1.1-0 / 7.0-0• 1.4-0• 1.)-0o 1.0-N 1.1.06
.04 1.1-06 0.0 0.0.00 0 S 1.1-01 I.)-O5
.01 1.1 1.1-01 1.1 . 0 7 1	 1.07 1.1 1.9
.17 ).0 1.0 I.l 1.4 1.1-06 1.1-04
.11 f 0 9.6 1.4 6.0 1.1 1.1
.10 7.1 7.1-04 1.4-01 1.4 . 06 0.1 1.0
IS 1.1-N f.0 ).• 1.6 1.0-0S 1.0-01
.)0 l. ♦ 1.1-C1 0.6 •.• 1.0 1.1
.14 7.1 1.0 J	 4-CS J	 $-OS 0.0 1.0
.40 0.6 7.4 •.• 1.7 1.0-00 4.1
.4S 1.1.04 1.4-04 1.1 . 04 7.0-04 4.2 6.1
.51 1.1-03 1	 1-01 1.1 . 01 1.1-01 1	 )-0) 0.0
YO
.04 Volts 1.7 . 0• 0.S-00 1.0.00 4I.S • 00 1.1-0 1 4	 1 - 04
.10 l.f 7.0 4.0 1.1-07 1.9 1	 1-CS
.20 1• 1.:-C' 1 0 1.0 1.• 1	 4
.10 0.4 1.6 1.1.01 2.1 1.1 1.•
.41 1.4-OS 1.1 1.4 1.1 4.6 7.0
.4a 1.0 2.7 1.0 1.0 5.1 J.1
.60 J.S 1	 4 1.0 4.6 6.1 1	 1
^,	 f f. L^ e H 0+
04	 :	 1. ).: 4.4-^4 .•G1	 1.) .-OS 7.0
OL	 o.7 4.4 1•S-GS 1.!-t' 1	 4 1.1-04
1.1 . 04 I.: J	 S •-.•	 t.J S• S	 7
ll ).0 S SS-04 •	 S
+	 7 ^ C!	 14-h 1.4 J	 #-a)
c1, J • 1,.7 4	 1.1 •	 f f	 )
• , J	 1 1.1
. 1	 •  .	 J	 ^	 ^ 7.4 J-1
SO
.ti '..'.:0
	
1 1-CS	 1 ' • G'	 1 - • Ot	 1,•	 f S • OI	 1.1-W	 1 1-C1
vl IO .M 4t A4 A:0 041 Ali All
..	 t oll• 1.2-OS 1	 0 . 06 1.0-01 1.4-04 •.1-01 11.11-04
GI 4	 1 1	 0-05 4.) 1.4-CS 1•-04 J.7- 11)
.II t C-04 1	 • 1.1-01 4.0 1.1-05 1.4
,10 )	 J •.3 1.4 7.7 1 : 1.1-02
.11 0.2 1	 I-04 1.6 d.3-04 6.4 2.1
... 1.1-5 ► 4	 4 1 f 4.4 1.4-04
• 10 0	 4 1	 S-O) 1.4 1•)-C! 4.4
.14 4 1 1.0-Of 7.0 7.J
.49 •	 4 ).) S.J 1.0 1.1-0)
.4S 1.1-C: 4.6 1	 1-04 1.4 1.1
.IS 1.4 7. J 1	 0-C) S.) 1 0
L•
.0f	 .; Its 1.0-05 1.)-)• 1.1-0• S	 1 . O{ 7.0-0• 1.4-01
.10 4	 1 S 0 S.S 1.0-Ck 1.2 7.0
.It •.S 1.J •.S 1.4 4 • J.•
.): • • • f 1.1-01 1. 1 4	 0 1.0
.4: 0.1 • f 1 7	 1 4• 1.4
.60 1.0-04 1.1 1.1 J	 S f
1 Z
F
Table 1•
1 ^T of.•ITT. 0.'• I
C8
	
c4
1.)-0 1	1.0.00
1.••e4	 0.f
I.o • OS	 1.1.01
1.0-00	 •.1
).f	 1 1.00
•.1	 7.1
0.0-00
0.4	 1 1-e1
1.1-00	 1 4
t.•	 1.I
0.J
	 t.l
S •
	 J.•
Woe C4101
.01 volts
	
1.0.00	 4.4-9I
.04	 7.1-01	 1 6•01
.00	 1.0	 0.4
.10	 1.1	 1.1-04
.1f	 1.4-04	 1.9
.10	 7.7	 S.0
.1S	 0.0	 1.1-04
)0	 0.4	 1 •
. )S
	
1.••04
	
3.5
.41
	
7•S	 1.0
.4%
	
1.0	 1.0-94
.SO
	
S.!	 7.0
Ve
.01 Well•	 :-c-	 1 ••01
IQ	 4
JO	 4 r	 4 c
.•:	 7 c	 0. 1
.4C
	
J •	 i.i-0•
f	 !.7	 1. )
ucO - 1
_C•	 t•	 Q1
6.0 . 0L	 1.0 . 00	 1.1-06
1.6.01	 1.1-01
	
S 
6.1	 1.7	 1.1.07
1.1 . 00	 1.1-06	 1.)
1.0	 1.4	 .• 1
9.0	 4.8	 1.0-0•
1.1-CS	 J 0-OS	 0.4
I.1	 1 I	 0.0
•.1	 /.0	 1.0-14
1.1-00	 1.1-04	 I.4
1.0	 1.9	 J 0.40
1.1	 11.1
	 0.0
1.0 . 0 1	0.0.00
1 S	 1.0	 0.)
• •	 4.4
	 1.4.0+
7.0
	 f••	 7.1
0.0	 6.7	 ;.•
1.1 . 06	 7.1	 1.1
1.4	 0 4	 4 4
41,14 16 cunt4nwC
Table 17
--^_—_ -- _ — _--'
— --	
— S•CCTA..1	 SCt4SITIVI7r `—
CCl ► 	 tlw':[ Mt t wl: N13 N^ _-- - M3 --- N1 __ _._	 _	 wt i
u.i.	 .h1aCt^i
--_.412 -.440__-- -41e--
f,, 4:: StJ .44^ .!1: OvJ 510 Sts
.Or
.4^^ .Sl. .44' .SVT YI'Y . 5 V'7 .511
^; % .JUV .571
S71
o. .F:' .isi •i'u .Cc•S .Gi^J 6ES .IiiJ
--,	 --
.i:i-' -'	 :633 -- .6:5---- i71----•-."LGG---- .i33---- --.i47	 -
.S^ .t.^+ .^0^ .sr„r .CU7 GJV .OUt: .011
•.^+ti.S 'i •i^! Ss ^' .OJJ Soo .605i,_--
.: i ♦ _71 -3 ITT.
-53-
Table 17 continued
_._..^,__
	 -.^...^ ._..._ it ICI&AL 6EN1.IIIvITV _-.._ -.	 ...^	 ^....	 .
-_..-^.^_.__.,._
-- -_-• _.. NMMi6-1_..._ -__...
___ . _CELL I-ME -- - - Al-- - AS - --	 ------ - ~7 - - • w1	 ._.• - -A^- ---- 1^
 ------ -
W.L.	 tMICA0N1
.41 ------ 300 _ _._ _ ISS
_ `---^T fls -ns -- -T71 - _'III7`_-_
45 .9400 2SS 2^7 icE iS9 .75
_	 SO OYO •,3 a!: a 9 .376 Iii .3u^
---
--."OGO--""'.454-.._.- -.442" -	 .4TS -:•IS --447 ^_.:/•:-
- - - -
:i'
.000 .51: .512 .3404 .Iii .512 .503
-^.__ _-
.:5 ----
.000 .512 .505 Sit 510
. 340: .56770 --.066 -- .536 _-.o3T ^T1 - 7.508	 - 577- 535
. 75
.6400 .S'S ._`-'i .5:: .S+b .S?• .5c7
_-_ .i40 -- - OOJ ie: C1of 4?6 .634 . 6e2 i]7
;:3 -L23	 -- --- .SiS
-.641----::27"-- - -
.SY .:11 .t1.65 .665 .6U . :15
0640 .5s3 .96i 5?4 .546 .604 .570
^t.403 40406 -- --,e13
_
_':237-'::7r -_ 261 -
__^47_ '221
CE-L I4MN[- -
	 -- i5 - -- - ^^ -	 E?	 - -- - ie	 - iv
6.6.	 tMICAOt•I
.41 1:1	 ___. -., 11? _ -_ _ : f:^ f7S `115 -Zl7 X17:
./S i77 :i: ?' 247 i1i7 .2:4 .279
540 a:+ /Ye t4, 4v7 .440+ 3e1 .lei
--- - . 55 - --
---441	 - 45! 4i,3	 -- 430 - -137	 - - -
•el' 5.,! .5:6 .444 .520 .517 .4i: .477
•	 .OS .3.•1 4 „ .4r?
.515 !13 .•7: ,4E7
-5:^__-_Ti. S•s13 ^___ -Stb7! .557 S 3e aj•iC 5'7 ... 74 . SOI .Sb`-
 -- -	
9 .653 E.. f! t . 67ti :?: ?S: .76_,
.7V .!i!6 .0^. .016 i1• .itb .039 014
-_--	 SS -_- .544 S:: _.5:7_ :'f. -sto .5o 01 -us
-[401r _ _
Ci.l	 N1+ 1 'E 610 611 61. 613 B_ 63 B+
V..
	 i1'LIG^N^
--	 .SO•--	 - ^4i'1 .3;4 3^. .4^r .•05 .4. .•OJ
-	 -	 ^^	 ---- -
'4C3--_- .453 -------4S: ---.+:: .4-,- -	 .1-47- - -- .44; --- --
c" .lty StO .Sig .Sty .Sti St: .SOS
!14 3'c .517 ..314 .514 5 0 SL?
.i
_
.3•i:^--t4V 75+1
7! 5'ir 5'1 Se6 !"_ S'S S:E 531
b y $c4 6': .G7y : ic1 .:t:^ .dJ3
::T+ --	-•i+S - -- vii -- -,637 -	 :.'S	 - Sii -- ---
ZJ i-5 ::i 635 t,i :1! :i1 57i
5-6 t .574 a';S }=3 .373 Sts :c91745----:30 -- .277 :51'- F- : -.:5- ..
CE-_	 r.--E 403 X4 k. X► X7 Xo
.iii :'S 2'. :?1E 060
3:3 .37-:' 341 ?= 354 OOJ
- .431 - --- 1 --	 . 44.) - --j4	 - - . I-S. • 000	 -- - -
LV .47i .1•'i' 0.u1 .4:1 .474 .660
.53 4 . 4w 4 .53i .4000
.101 -_-- SO r .3[1 .SCT 4-C-L
..	 _ •rr.
.5[11 .011 .S6V •^[1/ .YUV
---._.-__-	 -	
_-
-^O.c _.___.. CIT - --- - ::0 .Of4 _- OSU .- _--•_ 0404 __-------_	 __
s. .sty .631 .6i7 .6:5 .66.6 .ODU
45 55i Sic .645 571 .641 .004
--i-405 1f6- .234 -'--Z 13 .Z  ..2S a-UII-
-54-
V-
Table 18
»..._.-.__	
... _ •- -• ccsIlTlYtT •r «1.c• lllun111..Ico c«»(.»CIE. t.TtCS - --
CELL ►...',E	 if 	 IC.	 II1	 1i•
	 :TI	 =T2	 3T1
TMI.•	 UlH' •441
16 .40 0«M-CM
-^----- w f 11'	 Yl'C	 lYi 1 Sy^'.4VV
A'14• 	 ISC	 <H«> 13.	 644
«M (.	 Yt1P	 4 MY . •'S .000
«nV	 IItA	 VM")	 _-"- _1:7.644
AMO FILL F;TP •774
AML, EFFICIENCY .III
11,11	 Ii-c	 (IW) IIi.OvJ
A •1I_vmP 4Kv) ♦75. 4 4 V
AM1	 IMP I11w) -`- -- - 113	 4 u V
«':I	 FILL FCTF 77:.
wMI	 EFFICIENCY 131
-y` 64M  Er'F, ..r1 p EFF t .24+
` i,.,EH iAu.En	 --- -^---
CELL N+^E_.,_„-3T:
/	 vr y 41.OuY • • 060 _ _• u4d 4 6WO _4 . 4010
1.	 1 .4V2 fY2 -Y♦_
- 
^6♦ i 4a.,
I.^i+ 3.2•'2 7.2.'2	 2.172 2.172 2.135
♦4. Tie 41.2+1 440 .600 .4V0 /7 SJ7
u4y 06v .004 •6010 •440 17i.4Ci
YVY OVV Ovu .000 .600 130.0uv
p00 O4u Out • 000 400 479 OJO__
000 --Ouu -
_
­76u 4
	
__ -
404 -^ -044 127
Ott 4011 440 t44 .444 773
."vv Vv4 444 YOV
-000 .400	 - 444 .440 .640 S0C 000
Utv 00v 040 400 0100 I2 u. 444
Out Ov.) 044 .000 400 +1:.00 0
--
-	 uv4 -	 - J•,i•" 646__- - 040 +.OVO III.44V
.Y4J JV" . 000 _vJJ G40
.74ii
Ou y vv 10 i'uy 040
040
VJO
044 1.11004v Ovv 4vY
CNEh.POI . «!1'Co ..'I E t 1401 PL..TC - MOT PLATE SCA7i-T-0:-0-
.- fT1 _-- -	 ST: 7i1 -	 - -- 79- 763 _ - 7i/-
«r.  E.. tC'o:! 4.60L 0.040 x.600 /.000 ♦.00 i' •	 04i •.404
T..I:.•_ICH,
6 Am,,	 11 1411-cm) :.13E 1.417 2017 1.OUS I.OuS I.i4S I.t.u.
w	 G.t- :'•1t•,014n, 44. 35.20: •0.105 34 .2 4i 17.EIS 3:.177 3: $0
--^;,r.; c:	 !	 - --	 .4J 040 •.'S 040 :,0.044 S +	 OV4 Sit 000 551	 000
13:. 6Ov 12i	 U. 1.-	 ('UU I=:. OGV Ilt	 L0V
^. \•.•:	 ,,•	 •! Goo OVp 472.600_♦15.0 VV •'.	 GI'v _177.04,4_♦+ ^
.'
_
.r. vvv - - -.OYJ - 1?^•000 1	 uIt.Ju\'-^.I	 'V t:o	 044
.7.t
r' . is	 r:TP .'jC" .000 .^7t .75. .77^ 7i•.
«•'. fc^:.:E`.^Y YOO IOE G^'^ I.is
Ilt U1('
-- -
- -"- « •, , -	 . Vut' 4v0 L7S. v4V ••1'. 0(•i 573	 10100 561. (.0 550.Okit
'y ip 66t II.^j.OVV IV7. u4,. 112. 1vV 115. 0.V IV1 .OG4
nt • i t'- P•.' . 004 077.1044 ♦ f S. 4(. •7+.1.10 +c: . U40 / SU	 GO('
w'- 1	 ^	 _1 .4,4'.
_
•440 13. YV4---^^-44,4	 14•-4,4. -"1 Y0	 V • ' -OTi41S
„ „ F;	 t, TF v.. 4vY 'r 7;s 7e3 .77s 774
r+ •• I Et c VV.• .Ov4) .12i .115 .1:• .130 .107	
-	 -
--
^--^•.} :^F
	 w'4, Corr -	 44C• 4.4, 1.111 1.175 I.I.L 1.172
^._• T.IV
-u,..Er.-6iv^EN Ai!'-i^..TE-- ice;. - [Ti:• _ ^ _ _ Z L
X3 X4 X5 >,t X-7-
tt0
r c E..	 <C'2, ♦ 044 •.10100 0.0410
- -
4.1fu0
z.:-
0•v00
- --c_:
4 06 ♦. GO O
-	
.0:a
'
- 
0;j y_^ owv
6.
^.	
4,M) VVJ
+:	 t+,
VWV
-64	 if e'
VV
/x.0'1 44.3 + :	 144 3's. b0: •1.2
+i
---'-1.000
..
• _ ..	 -	 r
OOO SE3.(" ^ iSe.	 1040 ^.7 .000
134. 4i•t-
SE
•
05 Out-0,
•	 M. _ 1'•	 (".'v 4..v 1110.04,.) 133	 ^' t3P•4t-0♦7 i.Ot0 05! C 474 000
^•. 134 464, 5-`1 :t	 U4Z 134-O6Y
TI+ Vt1 O^i 7• VOV
--- _-^_13^. YVV liy. y 4Y^
w"- ^:..	 ^^'. .7D•
.^^
.7:
114 113 .115 .4ic .III
w`. f^t::IE.,^\
--
117 .110
044 56: 060 So+ " S!7	 Ji'0 ('(4 561. 00.E
--.-' <MY'. 56+ t, " S:•1::5',04 123.040 t+'	 .' Ii1.Juu OyG 1,0.0410(M«, 12:.i'1'v /=2. V4t- 083.040 •i+S	 YVY ♦6+ 	 uiJ 4JJ 477.040Vr• A	 trV'•
-
467. 4v
1,55044-
- 
1137040'- f10706tr`-U,5	 :; 040 --Tf^^:
--	 w, , )•a<n«. lis 0^v " iai 400
;.n1 F;.L FCTi 7^0 7E4 .7i:136
.oI
.133 13? 000 13 :
AMI f:FICI EP, :': .1410
_--
_-.
	
t7i
.1.110- .1.133  1.20? -	 -	 -000-----1:11(' ------- ---	 ^.1 EFF.'«H p CFF_- 1_-1$0- f.11+
-^5-
-56-
Table 18 continued
«- «-~~-REi16T1VITY Nffi . IL-UM1ffwTEO cmark tIEI,ItTICs-
_----	 CELL "-ME - off -N!_ -_ ---' 9N1 -- -- - M2 9T1_ - 9T2  111
AFEW (_CM2) 1.000 4.004 4.400 •	 04u •.000 4•040 •.000_ 
--7.1iA lift! -_^Gt1 -_41; 1
_
74f2 ---- -.4si- --ti^ T 4^1 Y:.
t.9,.X"O10«M-CN) t.i.S: 1.x!0 1.5:1 1.Si1 2.4.9 2.4.19 .000
A.L.i-iuR.GNM) r].YSr 440 39.5;2 31.	 02 79.462 U ! . 2 57-336_	 _
f. ftr	 vOC	 (MVA 4vu 4VV - 561.4YV ` 562.040 - 060 -- 561.040
_
540 000
ANC'	 IiC (hM) Ilc	 040 .000 130.666 131.060 OY4 IJV. 400 141. V06
.,•(,,	 vr.i(M 1l) _•!^.4Y0 OJJ_ _•41.000 •01.060 •000 •0:.000 •73.000_
no-4 hw) 114.6411 T 44u 123.OV0 - 12r./iO3
_
.440 -12^•VVV - 1=<.DOV
N"l	 FILL FCTR .770 •000 .7GJ .76: .406 .791 .7b7
E<<I:IENCV H3 .446 .101 .I	 IY •000 .114 .116
VV:	 ,Mwi	 -
_
5!s.664 440 SEI.000 - 561.040	 -- .400 !b1.000 Ul 000	 --__
A'.1	 ISC	 (r. / I42400 .6ui. 114.Y40 115.000 .000 114.000 126.006
A"I	 Vr.i (fN) 4!3. 006 .CIAO 9e2.0J6 490.0OY •006 901.400 •'5.400
i AM.7 -9i 040
_
G(4_-- 106	 040- --m. YUL'- .`Zi Y- lo g .- 040 --110-L0u
A^1	 FILL FCTR 710 .006 7ifi .765 400 .792 .707
AMI	 EFFICIENCY .106 .006 :36 .131 .060 .131 .1•u
w "1	 E	 ^^^':	 EtF"' -' 1'.1'i	 - i•46 -	 V. ISO --- '1.- 16= -- -.- .400 ----f.1i7 --	 "r 191
'_	 YI+Er+lfi:uwCf. ----^--	 -CNEM^•C^-"L __---^-----6iI1.nER--L
0.__-
Table 19
CE:6 M«ME	 - /E'1_ IE2 ITI _	 IT2	 - 211  272 3T1 --_ _-
^.^ .	 tnlC^ifl^
_	 --^-	 .•1 .126' - -- - 111i^^ -.. __. YUY --^1 i1 ^1 4YZ7 .YV4^^
,N_ .7i'i •OYY .IIVV •4iV •6YY .4VV •3:1
! JIT 044 YYi 41 U 046 440 •I^
----^^• --- ---- :rs5 - • --	 - .u40_ _	 .66u -	 .444 .G4O	 --- - .040 - -- _•L7 	 ------
Ct !2: CVO 0 tO 0u0 OOu 600 SIe
s: 640 COO_ VJ4 .00/ OOV .440 Sou
--__-	 .7\. .7^^ -_-. -GYV	 _ `. VYY OYV YVV ___-666-` - --s. :' -
', i0: 04i 60U Oui Gi0 GOO X23
.046 444 it Vl'Y YOO •bJb
6w43 C.­ -- .000 - 41 ,y
9, e1: .006 oua• 060 Gi•u • 006 .705
9S 2't .040 .044_ GOO 040 •000 X07
t . vS
	 - 17b-- -'14L ----. LLL ---G6Z--	Z4u 604` d27
Table 19 continued
- •----__._ -. ___.. ._--^__	
S1'ECfiML aCaSlilv3TY - -^..	 -	 _	 _. .^. ^	 .». .... ^_
NMni E - 2
CELL.
	
*MI	 !N2	 !TI	 1T=
V.L. rN1CkOM/
-	 -	 .4t fi. 444 --	 iCT_-- l:i 44Y--__.T.=2__^T4-
45 .7f0 .040 .304 .303 .400 .292 .710
!4 .4?1 .0v0 .4.' +:' U44 .421 4,1
- ----	
.SS 4,6 ---- .0u4 .4:1 4Q4 - 000 - Ass_"'- .4s6 ...-^_
64 .524 Ov0 .501 Sus 040 .50,E 405
65 .51E 000 SJ: 5_3 .400 537_ 300__
752: -. 4vu "- -- 53l-
_
-	 :3B -- --A i,4 --LSD	 -5i4
.75 S?e .4411 .570 .507 .404 ss# .575
UJV .6 • ': s i 4  .404 .O2*
.+05 .04v
_
.5iv	 -
_
.sas I 404 .032 -
!v .+uv .664 .Si7 .571 .11VO 60s 60J
-	
.!5 .34 .044 .473 .407 .04v .551 .O:S
-_•--1
	 G5 - viii _-4404 _.	 _-	 bj	 _ ---.1``-_ 0404 .1irT	 ._-, 256
CELL NAME -
	
_ 7T2 ST  ST2 751	 752 703 _	 754
W.L.
	
tn30kGru
1;
+: uvu v:v :fi: 340+	 IvS IVs 30^
V
V^ 1J .401. 40 ...• 4.	 .1•L .434 .422
.. u 0 45: +•: .`	 460 .46+ 475
0u 40.. 4vr 517 .47E	 46i SG2 .4921
.v00 Se` 4a{	 4'9 S13 .54+
70 40VV - x . 444-' _ . 5 ^ 1 _-^--.4540 .-	 --40-.-517
_
 "
-_512
7s 4vv .400 Oal 14fi3	 s46 5. ;# .Si:
i4 v00 .40cv 04, 475
	 .46' 535 .517
444 .0r0 +0 4:!	 .4Sa .541 .477 __	 _.--
i4 .000 .vV. .:,'3 .7:6	 .3,;. .444 .4:7
.!5 . 0 J 0 .a to .547_ ,i51	 1*6 .336 .304
6 -- - .1Ge
_	 _
C.sl_-	 a'O _---_G71
CELL N4ME
	 x2	 k3	 X4	 XS	 X6
	 X7'
u .. • "IC&OFl /
Ili-- -7131 - ---1Zt 137- "r4S Tf-0" 173	 -- -
'r:_ -.-_	 ..	 ..	 --
-.+!4 .4.'40 .17..4♦
.1r`• .470 .4^7
.iC 17! sou SSG 4•,3 .476 .440 .5^:
.e: 444 5V+ .454 .53"._
_	 _. -.^-
	 ` V 	Y •0.7Y -^ - 5.0 _.--iS^ --r•11% _-:a
75 57v .541 .5i., 5:4 .s'e .5.0 .54,
. ^(1 ^c.S .632 .6c0 .OV! .611 .574 .5c9
Sc3
!4 Ee. 675 e63 .641 .714 .6.4 E34
!S fi4 .644 .614 . 64 2 .602 .537 .505
-57-
7OJ 7O) 704 N:
7.0-C4 1.1-0' 1.O-C7 1.0-00
0.0 2.0 0.1 ).•
..2-07 4.4 1.0-06 !	 7
1.7 1.1-04 ).3 1.)-07
i 0 ).O 9.1 J. )
1.5-0• 7.1 2.J-0S 1.O
4	 4 1.0-OS 4.4 •.S
).1-CS •." 1.1-04 1.3-04
I.J • 04 1.4-04 ).0 2.4
S.2 4.•. 1.0.0) 6.7
2.1-C) 1.6-0) 7.1 2.2-01
7.l - 01 •.l-01 1.5.0- 1.3-04
5.6 1.1-07 20 J.S
1.1 - 0 7 1.0 5.1 5.0
J.0 2.4 1 4 1.0-OS
3.0 ).: :.S-04 1-6
4.4 :.S 1.2 2.)
6.0 4.1 ).0 1.1
..: :	 1-:1 :	 4-11 9 2.O - C' 0.0 - 06 :.• - 07 1.S-01
7,4 •	 ! 4.? S.S l.)-07 J.O 4.1
I.C • OS 7.0 7.0 i.l-O4 1-1 $.1 1.7-01
1.4 s.S f.S 1.7 2.2 0.2 7.2
2.S 1.7-06 ).)
1.S 1.4 1.0 J.O 1.O 4.7
,.7 1.1 .- 7.J 2.7 •.•
101
4.l-01
7.7
1.1-0• 2.1
•0 1.0.00
l.t 1	 J-7S !.1
0.4 7	 1 1.••OS
:i 4 O f.7
3.J-04 2.4-04 1.0-04
•J4 3.4 4.2 •.'
0 - 01	 •.4 1.1-01 I.S-C7 2.S-O]
0-04
so	 1 f
T.sl• If
LAPP CLONt.T D/w01TT. R\ 014v0
-2
Y /5/1 C1 fl Cl C4 C1 CO C7 CO
01 ro:7• 1.f•P7 1.) -01 •.O -K 1.•-0 7 l.7-N 1.0 . 10 1.0-04 1.1-06
.04 0.1 1.4-07 7.4-0S •.1 4.4 7.4 1 O-Os 4.9
.01 1.1-06 S.) S.) 1.4 .0• 0.0 1.4-OS 1.1 1.4-15
.10 I.S 0.4 •.1 2.O 1.1-Is 1.0 4.0 1.1
As 2.7 1	 1 . 04 1.1-04 0.1 1.1 1.1 4.1 1.1
:0 4	 4 8.1 1.S J.•-OS 1.. 1.6 0.0 S.0
.Sf S	 J 1.0-OS 1.9 •.S 1.6 4.• 1.7-34 7.0
.10 -.G-CS 1.S 2.4 1.0-04 S.1 4 1.0 1.2.04
Is 4.1 •.) 2.0 1.6 1.9 r.1 1.0 1.9
.41 1.2-C4 1.2 . 04 1.1 4.6 1.4-04 1.4-04 ).1 7.1
♦ ^ 1.6 J.4 1.O r.4 7.6 1 1 1.1 4.1
1.2 . 01 9.7 4.6 .O.O' 1.'1. 01 1.4 . 0) 2.1-01 •.S
.., ).0.04 •	 1-04 1.1-OS J.7-0 7 f.4 - 06 0 S - O• :.9 - 0s 1-
J J 41 •• ..f-L4 1.1-Cs I	 9-OS 1.0 1.1-C`
- 5.0 1.1-01 1.1-04 1 4 2.1 4.0 7	 S 1.4
.13 0.1 1.4 2.0 S.• 1.1 4.1 1.1-04 s 
40 1.2-C) 1.5 2 • 0.1 4.1 1.• 1	 5 f.a
-.. I.S 1.' ).4 .1-15 S 4 1.1-14 1.0 1.1
.	 • 1.0 4.2 1.1 •	 4 1.4 2.) 1.0-04
w
-58-
Table 21
11 ES1, 1 IV: 10 .'.l'	 ILLUN Ill. IEt-	 Lr•..ir ♦ 1li1STILL
_..	 .^
II4.nC0-1
-^-	 CfLI NAM( 101 ---ti: IT1- -	 IT2 -	 1T3 -	 301  76:
hl-E..	 (C141:1 4.000 4.040 4.4i'v 4.040 4.0:0
-
4.000
-•.	 +-
4.404
- ---•4611tiIi1	 .411) 4)00 YeJ Ya1 4♦1 .461 L!t
i G FI•G• GNM-CM ► 116 109 .772 )32 .336 221 :21
//.(.F-S_Gi•GMM ► 51 470 53.11'1 49.6112 117 47i 51.66. SS .:iu 37.107
i1lfi tiG:
	
ir.vi 711! 0-0 .^ .tJd "-7fi: OCL- "CIS 0Z-Z -	 E7f:LuL-417 . 040 -0D 0'
wl+o	 I5C	 (M.) 11'.000 .040 ISO. coo 147.000 136.000 116.000 006
.MO VIII (MV) 0:5.000 .000 401.000 4F9.000 169.400 110.00• .060
--
./• ,v	 IMi 1$2	 64C' 1 :e . 044
_
123.444
_
-' X7.000 -	 600
hrt( '
 FILL
	
FCTP .SO? 000 .7:5 bid .73: .450 .000
hMd EFF1CIENCN , .000 t:0 •113 .107 .C44 .000
-"iltf-VBC--ZT'1!1" --D-170- SOS-^COTi3D -^7J-060-AGO .040
wrtl	 ISC	 (MA1 .600 .040 .000 .000 1111.04)0 .600 .044
o6 I VMP ( w ) .040 .0(•0 .006 .400 460.440_
11'11	 IMF,	%M... .04u .OvJ .Or"j -	 -. d4i' 1416.444	 --- . GLi - - -•	 .044-^^
.'11	 FILL	 FCTR •000 .040 .1!OJ .000 .731 coo 000
E FF ICIEIICY OJJ Odd J'i d0i 124 .460 404)
---^Irl-> F►ianb-t1'r^`ZO4i^as---aay ^ZSS 640-- oaa
CELL_-_ 	 arr,E _
-. _..371 372 561	 -•• -	 116:
ST1
h1•(w	 1Cr^, 4 404 4.440 4.0)J4
- -
4.JYv
.Get
4.4)04
Oil-'
4.000
0: 1"x-
4.44)v
--4=T`--
-	
_1C.,'
"070- 074) -0.1
:47 .649 .641 ::1i G iNG'. OMM-CMI
h.(•. i -SC•R,C'NM,
2:2
_	 _57.42+	 _
tit
57.471
:4i
114 7c4 s.t	 •S4) Ss .ISO 54.304
--
vOC	 4,	 r	 -. • ,i . 644 bill	 64)4 SOU	 •644 7	 Gi'4 11117.400 !.1	 404 S'S OOO
. ' I t IS'-	 •^^, •4"U 147.41'4 1T.1.4Ytr 1;4. 4JJ 144. J1u 140. u4J 136.004
ut • i	 I MJ rr •• ; 044• 495.O4J 4t:.044 4-5, 0-4 3i5. 404) 336 44o 474. 000
_
"•	 Ini	 .n.) 44)4	 -^ 131 . 4uJ -I[4 . OVv---li7Zi'4'-T42 44Ti 11:	 644 -DT2C.th
.'^ FILL	 F:Ti 044 .134 .730 '!c .549 .440
.745
E « ICIE+'_ O4" 1:-, .142_ 146604 -_	
.0'11
,444 .046
___-_573	 Oct,5'•s•040
1:7.11•.
L57.40u
112 vuJ
5'a
IIt.uOd .004 .400 117.040
' •c	 `••
6•
.4. 4v3. vL V_ 4!4 4"d 475. 0+ • y .00O . G4d 472. O6V
--	 ^^
_
116.4)40
_
14♦ uui^^165^'4u (090 .04ro i ZVVh"1	 %'^	 1M)
F.	 f:74
Y•
V• .700 7t5 .'rt i'OG .04v .74YM'il
	
_L
h' • +	 EFFICIE •.. .J.
--
145 114
1i3'I
.IL!
1	 1115
.•'yV
_	
640
.Ja4
.000"
1:7
- T.163--
-	 .•1-EVF1.•1;, E;; LL: 1	 :14
CE•L	 r..	 'E 71 1 7T` 11n1	 . - - 9n:
-	
1)n _ - 1T 1	
- -	
fT2 ..
I. JOC 4.OaJ 4.60) 4 v  1.000 ••440 4.004
E	 ^,i..;, - pr/n•4n, 2:t .::1 .216 :1L •:Ii .:.+ ::t
,.	 1	 c-	 F	 C,.n, U 65v 134.3e4 !'.0:4 54 %4 !4 364 !. 7	 S`t 5;.0:4
--
__ 4 601. 000 s114. 044) -	 Si7. 604 ^- 1611 uuJ
_
444 000_ 533. 040	 -- 642 000 -
14'.044 147.44V 14v	 604 142 dv4 13i•Ouu 144.414 147.000
Su4.OJJ 4.0.44E _ _Suv_ y 00 1340	 J4d 210.4)00 3v4) .4u4 505.040
_
_-_-	 1.) --135.4VV--11S•u1u 126	 uu'u Is7TVVU 611 404)---7TGuu^IS'Z•0u
FCTP 7'4) .60t .77: .734 .444 .21611 770
h'+1	 E •: !.IENC Y . 1:: .164 . 119 .115 . 446 ('44) .l:i
-	 .III-v	 MII --o^V.VJ•	 _- -•diV 111111.400_-' S;3.-000-----.GdD_ --	 JLO--• 5ir-000
hr11	 lc.	 (I1., 127.004 •400 122.060 12i.0 000 .uu0 127.000
a^11	 V' o
	iMV) 1144.04)6 .444) 4117.11 471	 114 •041 .0v1 44t	 OCO
-	 -	 M"1	 IrP (Mh/ `ti	 d4l' •4)4)4 t1T-TINY ^La Yl'i .4OZTi'u4 "I YV^T-
NMI
	 FILL FCTR Ica GJ4 .764 . 733 .404 .640 .7e3
w•tl	 EFFICIEut y .141 .000 .134 .131 .4JJ .040 •145
---;,,t1'EFF ar.G iF^ 1:t:3 -- 34)40 •~- f:ISr -	 r.15^ -----044 - - -GG6	 __ T.15: --
VHEf
-bF15rE ti - - - --C,-• •--'--C
	
u	 u	 400	 U-
-59-
f Table 21 continued
'	 '^' •' ^ ^^'^'--'A[:ISlivlTr Allp IIWMIM«I[4 GM«OAC1[Atttlti - - -- •-----	 -- ^--^^
^..^.-.^.^^......^^- ._... -.	
_ -	
M..MCO-1
CELL M)	
----
II!- x3 ...-^ . -11MM[
	
--^_-  . -- - -. up
ML(« tCM2) 1.5oto 4	 044 _	 _1_.000 I.OVtt 1 400 1.666 1.000i	
---1MICIi__401)_____74:3 -- :0:3 0:7 11.7 --f Y-'_-_--	 .YS 3 -'
.-_
.6:J
p. M G•OHM-Cm) .004 .640 066 .604 .4V0 OV4 .000
w o.R- :iF, ► MM)- 03.0:. 50."so !1...5 52.116 54 364 53 131 111.571	 -
M1 . 4 YJ:	 tMV) 5N IY4 0GO si1.6YO
_	 -
.640 5'i 401
-	
.060.-- 1171. too
AN(` li p 	<M.I) 142.64y U40 141.000 •6v4 111 OVO .004 142-GOV
AM4 V •10	 (MV) 4i4	 00k' 000 46e.40V 440 4:15 060 .646 170.004
--^	 AM4 Irli /Mr)	
_
-	 171:	
_
-140 -. .040 - -- 171:604 Z40 '1:4 144 _ -	 4Y0 134	 OJG
Ah0 FJLL FCTR .743 .000 .771 .664 .754 640 .7si
Ant. 1"ICI[aCY 1ti 040 .116 .66V 1 13 OVO 115 --
MNI •• :C 	 (M.')
_	
-.-
-5•':.644 -:060 Si1.004
,-
:-044 - s'7 000 .I4I_._ 577.000
A11 IcC	 tM«) li7	 64V .600 12Y.006 .Ov4 124 6VO .066 124.640
Arl_v i_(MV)_ ^73.ev0 6O4 461.004.#V0 412 440 .066 170.040
^'	 M71t IMi tMr1	 -- -_ IIS 44V---^VVV--- 111	 6QY •li i. .4 -- I I• VL4-•-'--- -444 f 11(;. 10v
Ar.1 F;LL	 FCTR 1tS OV4 .0 P OV4 7.5 .401 7i1
Mr,l E	 FICICI.0\' 13• 04y 137 .404 1J' .644 .13•	 . _.
I	 ►,".
	 [«i.:u EFF'----7"174 - :164 . .	 ".1 . 165 _	 ..:666 1 :Oi -	 40L_• -' _T7117__
"--	 Yw[« iS :R[N-`_' --'•L -.	 _ s F1NTING	
L_-,-^.^ ^-O. T----^
a t ro ICM2)	 4.000
T-,t/-ii@i'	 -	 .027	
- ^-
1 L ANC)• VNM -CM I	 . tt^0
p .IM)	 51.0.15	
-__ -^- -_----_---	 --^Alit YDE 101v)- ,_ 	-elo-	 - - ------	 ----
6010 Isc (MA)	 .000
6h0 I,MP (Mv1	 100	
-- -	
-----..-.^ - - - -- - --
-- -	 «rl p IMr IM" .-	 -	 -.a0V
a-o FJLL FCIP	 .00(
«m0 1061LIEMfv	 Oct
-----I-I-0c-(N4)-___-_	 for	 ---	 -	 -
Ahl ISC (0,111	 .000
AMt v11s ("V1
	
.000
1M* tllr)-.--_^ -.-^.-.-
AMI FILL FCTF	 .00C
A •41 [II ICI(«^\	 .100	
-__-.....-..--. ^-
.-- _	
-AM t .j F F 1 R" : L F ^ __ _"'_.-!•.110 T
	
_ - » -- . __-___- -
	
- ^_ -- _ ._ ^ .-._.-
-I L	 Table 22
CE-.	 ►/i.': 1E' ^t_ tTl 11; ITI 3F+ EL-
^	 ..	 (MJC^G«.
_n7----1ZT----j;,
.45 .I/5 JY.l .Sit i i .4s-d .+Ii .425
7G .ice- -.3,i - -r	 --TJ ---_S:r --__ff^-
	
,I4
.75 .144 .31: .d?4 .63i .554 .44' .431
.30 si, .i!' 97°
-	 ----E.	 - - 
-- .ie7 - -	 .263 - .715 -- -ycC-- -	 55i --3ID _ --
6. Ie I 24t .104 .6?'6 .:1.1 :64 311
1i. 3^S .1ki .605 .611 .463 .117  .242
-	 - - -' 174c -- -- - --{i6 - - 6r, --74iS -.Zi7
-60-
Table 22 continued
-► -•.	 - ^^-.-..- -t►LCT•Itl6[t1i11lvIT^__...._.-- .-.^^-^._.. .^_
V	 l	 \ X11 4 ^ JI I
---	 + 1 	" 1 r 1 ` 1+! T1T
4S .. .2+5 .101 .231	 .2'0 :.E tit
.5w T ► 1 I'e 301	 7•f 3:i 37i
_ ft -^ --- .+!• -	 1_ -	 -.+: -.416- --.. -  .4+6	 -- -_	 . 4 !' -	 .405	 -	 -
.40 Sy+ +•4 .446 .440	 .491 .4rS .450
7V 573 6.+ - ___	 1 __SOi--^i l ^Si7 "` (bS
73 it7 .637 + s 311	 :0• :1: N7
.66 5 -1 SO
---
-661 :716-._	 .---- -	 ,+5------6., --• -	 .:6: .444
.96 .743 .f17 .4.. +	 .7310 740 .427
5S .706 OS6 3Yt .7+4 .751 .204
- 3 ►1-- _..3:7 -- - :Tit7 tir-"--734--"-'-774i .D7s
CCll 044"t	 7T 1 	 7T1	 !n 1 	 111:	 •h7	 ^T 1 	 +T2
^.^. \nitk4l^)
.is .iS7 .=7p .:+3 .25^ •s71 .::,. 7y1
sit .7*6 .34)S 7.`r 1:.: 77i 3-wy .314
..65
	
-..-_--
- ..41 .47i	 - +^. - " :41ir .433	 -" .45: 4S7 - ^_
.60 .465 .47Y 4"7 .441 .44? .SOS 404
.if 5i' SOC +re 5G1 .4i1 L:3 S1i
r	 .74
	
_'._ f.a Ssl - -f_ :!:1 -53:` .519- .Us ----^,.
75 .1:7 5•S S +r .64o4 :17
IO .aS- S-• Soo i(17 St: ter ••0
--.i'C	 - ie: 1'i :59: .556 .iN .6LS	 - -
7p .764 .6:5 •E3! Ss: .5e1 .7y4 .74:
I-OS ---' .Z67'-.__ •7 r5 - - - .+eT" :1: ^'17i------377' -- -7D-6
X4 US W7
40.6	 1 PI: CODF4P
---41 __.- . 1 01 -- . 6Y4 -' T 1 (1 r .S!__. _-_1-G^
:S 2^9 .000 2•C 2it 24
! y 3i1 .004 .3s7 .3tt 3i: 41S 3is
o00' - .4+0 - - ._ -1i7 -- 4SG' - 	 - .4a + - .452-- -
1 . 4y0 .040 474 •.' 7 4su 4i3 5I1;
! ty ovv S+9 . 531) S1+ St: 57 1
b-7Y6I-_-.--Is^; .Si
.3s OVV .%4t ist •3: a'i .4,5+711 4
•a• .GCS . •+:_ E +_:_ • oe Ei. :+6
-_-	 1-l^ "--ITT Yyy .. SS .+IY
_
•I!t ^7^ •.^T
CE .L k--f 116
w 6. a11TCf'i)N)
.45 ,314
_-_-
.53 	 - - - -.457
.iv +;1
.7S •!3
.5V :!-
.50
.55 .750
-61-
taboo J1
DAN, cle*/'.T NNSIT7, K'% •e. • 1
•e' I S	 IN cl cj c4 to :• ct
.0.	 Its J.4-0+ 4.6-to s	 1-:1, 0 0 . 06 5.1-04 1.4-M
.14 1.•-e4 1.1-11 1	 4 . 44 1	 1-e1, 1.0 .01 4.4
.ot 4.4 4.+ 4 f 0.7 •.^ 1.1-01,
.17 7,1 7.4 1,.0 1.4 1,.l 1.4
It 1.0•Ia 1.0 - 04 1.4-91 1.4 . 04 1.0 . 47 1.1
.12 1.1 r.4 I.s 2.4 1.4 %.1
.J% 7.4 1.4 1.4 1.4 3.1 4 4
.10 1	 t`	 1 ► .4 2.4 0.4 &.1-04
11, I,F 0.4 3.1 0.4 1.1
4.4 1.1 0.4 1.1
.t1 1 S 1.1-01 4.4 1.1-41 4 0
.1,1 t	 t-0; 2.0 1,.0 3.0 1	 1.01
s0
C 0	 4-.. 1,,:•.4 JS-00 1. 0 . 71 r.1-01 4.1-D4
1.)-e) :.1,-ss 4	 2 1.••» 4.1 1.1•os
.20 VI 1.4 e	 1 2.4 4 1 8.4
.13 3.4 2.1, I.3-' 2.4 I	 2-72 1.1
.4. 1.4 1.1 1.4 2.9 1.4 4.1,
.so 4.1 1.4 2.c 1	 1 2.1 S.0
,4; S.0 4 1 2.4 1.1 2	 S 4	 .
T.2,1* J) avw41ww4
•t/e:^ 7j1 1Tl 7T1 MI 0^J M)
.41 Well• V, 7.06 0.041, 4 4 .11 1. 1-410 4.4-41 1.1-44
.14 1	 4-11, 1.1-04 11.14$ 0.0 1.4-44 4 I
.01 • 6.0 4.1 /.s 1.1, 0.e
.14 4	 1 7.3 1.0 9.1 4.11 1.1-4)
At ) 4-44 1.1-01 0.1 1.4-04 4.4 1.0
.24 1	 s I.1, 1.1-44 1.9 0 0 4.1
11, 1.0 1.4 2.4 1	 1 . 01 0.1
.1' 7.4 1.0 11.0 1.4 1.1.0.
.N • t 1.0 3.1 1.7 1.e 1.7
.N e	 1 1.4 1.0 4.4 1.0 1.1
.4s • • 4.1 1.1 7.0 3.4
.S• 1.1.0) S.J 1.0-01 1.0-01 1.4
y^ -
.H Volts 1.1•!S 1.4.04 1.1-os 4.1-OS 2	 0-04 %.)-04
.11 4.4 1.7 •.s •	 4 1.0-03
.It 1.2.04 1.7-41 1.1 .04 2.0-04 e • 1.0
.10 1.0 2.1 2.1 1.0 1	 1-03 1.1
.40 4.1 3.0 1.4 4.1 1.4 411
.so ?'1 0.1 1.7 %.1 1.1 %.1
10 4.S 1,.0 4.3 3.0 4.r
Tall* 21 cowti•wt
• STJ )T1 -.
- 1,.r 1 =  1 :.S 4.1
0.0 1	 • 1.r 0.0
• 3.0 1.: 1	 • lot I.e J.2
4.5 4.0 i's
Os 1.0-:1 1.1-01 4.1 1.2-c2 t.• 1.0
11 3.T J.1 4	 S 1.4 • 1 4.2
•	 4	 -	 .. 1,.0-:! 4.4-0! 1.'-c4 :.1.04 1	 2-0!
/.' 1.0-04 • 4 1.$ r.0 4.4
. 2.1 1.1-04 7.3 4.7 1.)-C4
J.4 1.S 2.9 1.1-01 7.7 1.1
• 1.1 4.7 3.0 I.s 1.1-01 7.4
• 4.1 1.1 4.1 4 1 1.1 1.4 3.1
•	 : S.. 4.1 '	 t s.• 2	 4 4.0
-62-
V 6 ^V O i
U F
" W M
•
o sa
qSV
NO
r
„
x
0 
it
G o a.
4	 .I.
R{•
. o!
8.0 FIGURES
7-^
f
ji -^^
fir.
_	
1	
-
d
a^
- .- 
_}-
'	
t
._	 ..	 ^^I M10.14	 _.T
..	 1
t
^s
U H	 ^^	 s ..
~
O
c
r
K
,. 4 ,o
Y
p 
4
i
—63—
"IGNAL PAGE LS
t)F POOR QUALrY-Y
---I
Us	 it
at
all
Olt
itOl
..... ....... .............
F n
...—•oo "139M
\V\
-64-14 
MS	
I
ai
p.	 CIA
At
oil
lit,
IT:
77i7
L
its
NII,
t's
it
fl
E--
Ec
_	
-^
J-j
- - 
1
-
-^--
T-4
i C, ^'
lid
 #
IT
_	 I^ 11111 —^ ;	
rites
- -	 i-^
1	 a	 -
-66-
A.
a..ut»	 I
	
I	 I	 1
	
•PO cW rr To• l ► rlcll.R
	 ^	 1
•	
.w•rtlw^	 (	 f	 I
7Tl -i
.r,
1	 ,
.7-A
	 ► ,opt. ,•
	
—	 —
'	 .	 rr[c'IV1 urrowsc ►0. c
	
5 ►M.l-	 It'.mAJ&PS
sc ::^s ^:: ;.rsT. t lw 
VAPl.
I	 c*.u7. .'.T .c2.	 •. C011T[:. .fr,
f	
ac
f	 •	 r	
.	 •	 1.0
—67—
RTR	 EFG-RH
	 EFG-RF
Figure 18 1	 ,
MFASURED PARAMETERS FOR E) SOLAR CELL
	 1 -
	
__	 WITH HIGHEST CONVERSION EFFICIENCY W11:+IN
(	 EACH UNCONVENTIONAL SILICON MATERIAL
	
----	 TESTED. ALL HAD AR FILM AAD MFASURED AT
13	 --	 A.`10, 28 0C. *denotes SSF
o ='4
a
tit
Conversion Ef f icienc^ , y
	
f	 ;
120	 Short Circuit Current	 Density, mA/cf 2r
i600
I
5 50
o	 c i	 i v I
9
^	
f
1
t
	
30 - -- .- '	 --- -
	
i 	 I	 I
pen	 rcu t o tage, m
Wacker
	 Web*	 Hem	 Continous
Silso -63	 CZ*
